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ABSTRACT
U t i l i z i n g  9 s p e c ie s  r e p r e s e n t in g  th e  5 m ajor su b o rd e rs  o f  
A c a r i ,  a co m p ara tiv e  s tu d y  was co n d u c ted  on th e  r e g e n e ra t iv e  c a p a c ity  
and m o u ltin g  m echanism s. The Ix o d id a e  (M etastigm ata) d is p la y e d  
com plete  r e g e n e r a t io n  ( r e g a r d le s s  o f  s i t e  o f  am p u ta tio n ) fo llo w in g  
a  s in g le  m o u lt. The A rg asid ae  (M e tas tig m a ta ) d is p la y e d  com plete 
r e g e n e ra t io n  o f  lim b s  fo llo w in g  tw o s u c c e s s iv e  m o u lts . The U ropodina 
(M esostigm ata) p o s se s s e d  up t o  a  maximum o f  two d i s t o r t e d  segm ents 
d i s t a l  t o  t h e  p o in t  o f  th e  a m p u ta tio n s  fo llo w in g  e i t h e r  1 o r  2 
m o u lts . In  th e  Gamasina (M esostigm ata) th e  s i t e  o f  am p u ta tio n  
u s u a l ly  was th e  d i s t a l  end o f  th e  lim b  a f t e r  m o u ltin g  had o c c u rre d . 
R eg a rd le ss  o f  th e  number o f  s u c c e s s iv e  m o u lts , th e  C ry to s tig m a ta  
and A stig m a ta  p o s se s s e d  lim b s w hich  d is p la y e d  segm ental re d u c tio n  
o r  d i s t o r t i o n  (o r  b o th )  p ro x im al t o  th e  s i t e  o f am p u ta tio n . Most 
P ro s tig m a ta  ( 90%)  d ie d  fo llo w in g  a m p u ta tio n .
In  th e  M eso stig m a ta , A rg a s id ae  (M e ta s tig m a ta ), P ro s tig m a ta , 
and C ry p to s tig m a ta , th e  le g  e p id e rm is  s e p a ra te d  from  th e  o ld  
c u t i c l e  and a  new c u t i c l e  (com ple te  w ith  s e ta e  and c law s) i s  
s e c r e te d  w i th in  t h e  o ld  le g  h u l l .  In  th e  P ro s tig m a ta  and C ry s to -  
s t ig m a ta ,  l e g  w ith d ra w a l from  th e  o ld  c u t i c l e  in to  th e  e x u v ia l  
body space  p re c ed e d  e c d y s is .  The M etas tig m a ta  ( ix o d id a e )  and 
A stig m ata  d is p la y e d  le g  t i s s u e  d e d i f f e r e n t i a t i o n  and r e g re s s io n  
tow ard  th e  c o x a l lim b  h u l l .  The lim b o f  th e  nex t i n s t a r  grows
• 4
in to  th e  v e n t r a l  e x u v ia l  sp a c e .
Hemolymph c o a g u la tio n  and su b seq u en t c l o t  fo rm a tio n s  w ere 
observed  in  th e  M eso stig m a ta , M e ta s tig m a ta , A stig m a ta  and C ryp to ­
s t ig m a ta ,  a lth o u g h  in  th e  l a t t e r  th e  c l o t  was d i f f u s e d .  C lo t 
fo rm a tio n  was no t o b se rv ed  i n  t h e  P r o s t ig m a ta ,  and t h i s  may accoun t 
f o r  t h e i r  h ig h  m o r t a l i t y  r a t e  upon a m p u ta tio n .
v i i
INTRODUCTION
The re g e n e ra t iv e  c a p a c i ty  o f  a r th ro p o d s  i s  g e n e r a l ly  l im i t e d  
t o  th e  re p lacem en t o f  l o s t  ap p en d ag es . A rth ropod  a n a to m ica l com plex! 
t i e s  a p p a r e n t ly  p re c lu d e  th e  re g e n e ra t io n  o f  such m ajor s t r u c tu r e s  
a s  h ead s  and abdom ens. Limb r e g e n e ra t io n  has been  re p o r te d  in  
M yriapoda, C ru s ta c e a , I n s e c t a ,  and A rach n id a ; how ever, th e  m a jo r i ty  
o f  s tu d ie s  on a r th ro p o d  r e g e n e ra t io n  has c e n te re d  around th e  c r u s t a ­
cean s  and  i n s e c t s .  The m a jo r i ty  o f  work on a rth ro p o d  r e g e n e ra t io n  
h a s  been  done w ith  s e l e c te d  sp e c ie s  which a r e  easy  to  m a in ta in  in  
th e  l a b o r a to r y ,  am enable to  am p u ta tio n  in  re g a rd  to  s i z e ,  and w hich 
d is p la y  a  g r e a t  amount o f  r e g e n e r a t iv e  c a p a c ity . Among th e  i n s e c t s ,  
t h e  O rth o p te ra  have b een  fa v o re d  s u b je c ts  f o r  s tu d y ; some o f  th e  
e a r l i e r  work b e in g  done on g ra s sh o p p e rs , w a lk in g -s t ic k s  and p ra y ­
in g  m an tid s  (G oss, 1 9 6 9 ) .  B o d en ste in  (1933) worked on c a t e r p i l l a r  
r e g e n e r a t io n  and n o te d  t h a t  when th e  r e g e n e ra te  f i r s t  becomes 
v i s i b l e  i t  may be a  m in ia tu re  o f  t h e  l o s t  p a r t s .  Goss (1969 ) s t a t e d  
t h a t  in  i n s e c t s ,  th e  u s u a l  th in g  i s  f o r  th e  re g e n e ra te  to  rem ain  
s e q u e s te r e d  i n  th e  segm ent im m ed ia te ly  beh in d  th e  l e v e l  o f  am p u ta tio n  
P e n z lin  (1963 ) amply d em o n stra ted  t h i s  in  th e  ro a c h , P e r ip la n e ta  
a m e r ic a n a . F o llow ing  th e  lo s s  o f  segm ents d i s t a l  t o  th e  t r o c h a n te r  
o f  a  m e ta th o ra c ic  le g  i n  th e  e ig h th  i n s t a r  o f  a  nymphal c o ck ro ach , 
t h e  young re g e n e ra te  would b e g in  to  d is p la y  seg m en ta tio n  by th e  
f i f t h  day a t  26°C. In  ap p ro x im a te ly  two w eeks, re g e n e ra t io n  would 
be com plete  and th e  lim b  would be e x te n s iv e ly  fo ld e d  in  th e  o ld
2c o x a l stump u n t i l  m o u ltin g  o c c u r re d . In  com parison to  th e  i n s e c t s ,  
Goss (1969 ) s t a t e d  t h a t  c ru s ta c e a n s  a re  i n  some ways l e s s  co n v en ien t 
t o  s tu d y  "because o f  t h e i r  g e n e r a l ly  lo n g e r  in te rm o u lt  p e r io d s .  Work 
has been done on c ru s ta c e a n s  such a s  c r a y f i s h ,  sh rim p , l o b s t e r s ,  and 
c ra b s .  As w ith  th e  i n s e c t s ,  th e  d e v e lo p in g  c ru s ta c e a n  re g e n e ra te  
i s  o f te n  en v e lo p ed  i n  a  p r o te c t iv e  c u t i c u l a r  sac  u n t i l  th e  n e x t m o u lt.
E xclud ing  s p i d e r s ,  work on a ra c h n id  r e g e n e ra tio n  i s  v e ry  l im i t e d .  
Wood (1 9 2 6 ) s tu d ie d  au to tom y in  A rach n id a  and o b serv ed  th a t  in  th e  
s p id e r s  a  p re fo rm ed  b re a k ag e  p la n e  o c cu rs  a t  th e  a r t i c u l a r  j o i n t  b e ­
tw een  coxa and t r o c h a n te r .  A b reak ag e  p la n e  i s  a p p a re n tly  a b se n t 
in  sco rp io n s  (Wood & Wood 1 9 3 2 ). A ccord ing  t o  Savory (196IO , th e  
power o f  r e g e n e r a t io n  i s  known to  e x i s t  among s c o rp io n s , f a l s e -  
s c o r p io n s ,  and s p id e r s .  H arvestm en do n o t  ap p ea r t o  have re g e n e r ­
a t i v e  pow ers even  th o u g h  th e y  drop  t h e i r  le g s  w ith  g re a t  e a s e .
Bonnet (1930) h a s  worked e x te n s iv e ly  w ith  r e g e n e ra t io n  in  a Dolomedes 
s p e c ie s  o f  s p id e r .  He concluded  t h a t  l o s t  lim bs do n o t o b ta in  
t h e i r  norm al s i z e  u n t i l  t h r e e  m o u lts  have o c c u rre d . H e .a lso  co n c lu d ­
ed th a t  more th a n  one lim b can be r e g e n e ra te d  a t  th e  same t im e .
Bonnet hand fe d  l e g l e s s  s p id e r s  and  a l l  e ig h t  le g s  reap p ea red  a t  
t h e  tim e  o f  e c d y s is .  Vachon (1957) "was a b le  to  dem onstra te  re g e n ­
e r a t io n  o f  am pu ta ted  t a r s i  i n  s c o rp io n s  o n ly  i f  th e  am pu ta tion  was 
made in  th e  f i r s t  i n s t a r  o r  " l a r v a l "  s ta g e .  He observed  t h a t  th e  
re g e n e ra te d  p a r t  a p p ea rs  a f t e r  th e  f i r s t  m oult and co n tin u es  t o  
grow d u rin g  s u c c e s s iv e  m o u lts . Vachon perfo rm ed  a l l  o f  h is  e x p e r i ­
m ents on la r v a e  s in c e  th e  numerous nymphs he had o p e ra ted  on f a i l e d  
t o  m oult in  th e  l a b o r a to r y .  R osin  & Shulov (1963 ) no ted  t h a t  th e
3s c o rp io n s  a l s o  d is p la y e d  a  r e g e n e r a t iv e  c a p a c i ty  in  th e  nymphal s ta g e .
P r io r  to  th e .w o rk  o f  W oodring ( 19&9 ) ,  e s s e n t i a l l y  n o th in g  was 
p u b lish e d  on lim b r e g e n e r a t io n  in  th e  l a r g e s t  group o f  A rach n id a , 
th e  A c a r i . W oodring (19&9) made p re l im in a ry  o b s e rv a tio n s  on m o u lt­
ing  and lim b r e g e n e r a t io n  i n  th e  m i te , C alog lyphus b o h a r t i . He ob­
se rv ed  t h a t  t h e  p o s i t io n  o f  th e  c l o t  t h a t  form ed a f t e r  le g  am p u ta tio n  
governed  t o  a  l a r g e  e x te n t  th e  form  o f  th e  le g  in  th e  n ex t i n s t a r  
and t h a t  lim b r e g e n e r a t io n  i n  b o h a r t i  i s  v e ry  l im i t e d .  The com­
p le t i o n  o f  a  h a lf -s e g m e n t r e p r e s e n te d  th e  maximum r e g e n e ra t io n  in  
t h i s  s p e c ie s .  He s u sp e c te d  t h a t  th e  lim b bud must c o n ta in  a  s u f f i ­
c ie n t  number o f  c e l l s  from  each  fo rm er l e g  segm ent t o  form a  norm al 
lim b .
An im p o rtan t e lem en t o f  a r th ro p o d  lim b r e g e n e ra t io n  i s  t h a t  
lim b r e g e n e ra t io n  ta k e s  p la c e  betw een  m o u lts  and t h a t  th e  r e g e n e r ­
a te d  appendage does n o t become f u n c t io n a l  u n t i l  th e  fo llo w in g  m o u lt. 
R eg e n e ra tio n  o f  an appendage i s  t h e r e f o r e  dependent on th e  a n im a l’ s 
a b i l i t y  to  m o u lt. C o n seq u en tly , any d is c u s s io n  on r e g e n e ra t io n  w i l l  
o f  n e c e s s i ty  a l s o  in v o lv e  m o u ltin g  m echanism s. As d e f in e d  in  t h i s  
s tu d y , a p o ly s is  (m o u ltin g ) i s  t h e  p e r io d ic  p ro c e ss  o f  lo o s e n in g  and 
d is c a rd in g  th e  c u t i c u l a ,  accom panied by  th e  fo rm a tio n  o f  a  new c u t i -  
c u la .  The te rm  e c d y s is  r e f e r s  o n ly  t o  th e  a c tu a l  p ro c e s s  o f  c a s t ­
in g  th e  e x u v iae .
The amount o f  p u b lis h e d  in fo rm a tio n  on a c a r in e  m o u ltin g  p ro c e s ­
ses  i s  v e ry  l im i t e d .  Jo n es  (1950) b r i e f l y  d is c u s s e d  e c d y s ia l  mechan­
ism s in  ty r o g ly p h id s , o r i b a t i d s ,  and h a rv e s t  m ite s .  He d is c u s s e d  
th e  r o l e  o f  th e  a c a r in e  ep id e rm is  d u r in g  m o u ltin g . A ty ro g ly p h id  
m ite  H is tio s to m a  p o ly p o r i  (A s tig m a ta ); an o r i b a t i d  m ite  S c h e lo r ib a te s
kl a e v i g a t u s , (C ry p to s tig m a ta ) ;  and th e  B r i t i s h  h a r v e s t  m ite  T rom bi- 
c u la  a u tu m n a lis  (P ro s t ig m a ta )  w ere u sed  fo r  th e  s tu d y . He co n c lu d ed  
t h a t  t y p i c a l  a p o ly s is  b e g in s  w ith  th e  r e t r a c t i o n  o f  th e  e p id e rm is  
from  th e  c u t i c l e .  The ep id erm al c e l l s  w ere p r o v i s io n a l ly  re g a rd e d  
a s  b e in g  th e  so u rce  o f  th e  m o u ltin g  enzymes. Kanungo & N aegele 
(196^) n o te d  t h a t  am oebocytes a t t a c h  to  th e  o ld  c u t i c l e  d u r in g  
i n i t i a t i o n  o f  m o u ltin g  and m ig ra te  tow ard  th e  new c u t i c l e  a t  an 
advanced  s ta g e  o f  m o u ltin g , in d ic a t in g  th a t  th e s e  c e l l s  a r e  p ro b a b ly  
d ig e s t in g  o ld  c u t i c u l a r  components and th e n  t r a n s f e r r i n g  c e r t a i n  o f  
th e s e  com ponents t o  be u sed  f o r  new c u t i c u l a r  g ro w th . Kanungo (1 9 6 9 ) 
n o ted  t h a t  th e  am oebocytes p re s e n t  in  th e  e x u v ia l  space  o f  t h e  m ite ,  
C alog lyphus b e r l e s e i , w ere n o t a  d i r e c t  p ro d u c t o f  th e  e p id e r m is , 
a s  Jo n es  (1950) had in d ic a te d ,  b u t were hem ocytes t h a t  had m ig ra te d  
a t  th e  s t a r t  o f  a p o ly s is  th ro u g h  th e  ep id erm is  and e n te re d  th e  m o u lt­
in g  space  o f  th e  m ite .  Hughes (196^) assumed t h a t  n e u ro s e c re to ry  
g ra n u le s  in  c e r t a i n  c e l l s  o f  th e  su p raeso p h ag ea l g a n g lio n  o f  A carus 
s i r o  w ere in v o lv e d  in  th e  m o u ltin g  p ro c e s s . W oodring (1 9 6 9 ) ob­
se rv e d  in_ v iv o  th e  m o u ltin g  p ro c e ss  o f  C aloglyphus b o h a r t i . He 
s t a t e d  t h a t  a t  th e  b e g in n in g  o f  th e  in a c t iv e  (m o u ltin g ) s ta g e  in  C. 
b o h a r t i , t h e  s o f t  le g  t i s s u e  r a p id ly  d e d i f f e r e n t i a t e s  and r e g r e s s e s  
in to  and form s a  c o x a l lim b  b u d , which e lo n g a te s  and d i f f e r e n t i a t e s  
in to  a  new lim b  e x te n d in g  in to  th e  v e n t r a l  e x u v ia l  sp a c e . B alash o v  
(1963 ) n o te d  t h a t  i n  th e  t i c k  Hyalomma a s ia t ic u m  th e  p ro c e s s e s  o f  
de tachm ent o f  c e l l s  from  th e  o ld  c u t i c l e  and t h e i r  in te n s iv e  d i v i ­
s io n  w ere p r e v a le n t  d u rin g  th e  f i r s t  p e r io d  o f  m o u ltin g .
Alm ost a l l  A ca ri h a tc h  from  an egg t o  a  hexapod l a r v a .  F o llo w ­
in g  th e  l a r v a l  i n s t a r  th e r e  a r e  a  v a r ia b le  number o f  o c to p o d  nymphal
5i n s t a r s .  The number o f  nymphal i n s t a r s  i s  c o n s is ta n t  in  any g iv e n  
a c a r in e  g ro u p , f o r  exam ple, ix o d id  t i c k s  have 1 nymphal i n s t a r  and 
some a r g a s id  t i c k s  have up t o  8 nymphal i n s t a r s . Most o th e r s  have 
e i t h e r  2 o r  3 nymphal i n s t a r s .
In  some m ite s  t h e r e  i s  a  v e ry  b r i e f  o r  no p e r io d  o f  q u ie sc e n ce  
p r i o r  t o  a p o ly s in g  t o  th e  n ex t i n s t a r .  These m ite s  a re  a c t i v e  a t  
a l l  tim e  ex ce p t f o r  th e  b r i e f  moment o f  e c d y s is .  In  o th e r  m ite s  th e r e  
i s  a  lo n g  p e r io d  o f  i n a c t i v i t y  ( im m o b ility )  a s s o c ia te d  w ith  a p o ly s i s .  
F o r th o s e  m ite s  I  r e f e r  t o  th e  a c t i v e  and in a c t iv e  s ta g e  w i th in  each  
i n s t a r .
The p u rp o se  o f  t h i s  s tu d y  was t o  compare lim b  r e g e n e ra t io n  and 
m o u ltin g  m echanism s in  th e  f iv e  su b o rd e rs  o f  A c a r i . In fo rm a tio n  on 
m o u ltin g  m echanics was b a se d  p r im a r i ly  on whole mounts o r  p re s e rv e d  
spec im en s. H is to lo g ic a l  s tu d ie s  w ere l im i t e d  t o  th e  t i c k ,  Ambly- 
omma am ericanum  ( Ix o d id a e ) .
6MATERIALS AND METHODS
I .  GENERAL
S e le c te d  s p e c ie s  r e p r e s e n t in g  th e  5 m ajor g roups (s u b o rd e rs )  
o f  A carin a  w ere c o l l e c te d  and c u l tu r e d  in  th e  la b o r a to r y  f o r  re g e n ­
e r a t io n  s tu d i e s .  T here a re  f iv e  su b o rd e rs  in  th e  o rd e r  A c a r i .  I  
examined and com pared lim b  r e g e n e r a t io n  and m o u ltin g  mechanisms in  
n in e  s p e c ie s ,  r e p r e s e n t in g  a l l  f iv e  su b o rd e rs . T ab le  I  l i s t s  th e  
a c a r in e  r e p r e s e n ta t iv e s  s e le c te d  f o r  r e g e n e ra t io n  e x p e r im e n ta tio n .
S ince  lim b  r e g e n e r a t io n  i s  dependen t upon th e  a c a r i n e 's  a b i l i t y  
t o  m o u lt , e i t h e r  th e  r e a r in g  o r  c u l tu r in g  o f  th e  v a r io u s  a c a r in e s  
was n e c e s sa ry . E x c lu d in g  P io n a  s p . , a l l  s p e c ie s  were s u c c e s s f u l ly  
c u l tu r e d .
S u c c e s s fu l lim b  am p u ta tio n s  r e q u i r e d  th e  u se  o f  a s u i t a b l e  
c u t t in g  in s tru m e n t and a  s te re o m ic ro sc o p e  w ith  ample m a g n if ic a t io n .
On a l l  s p e c ie s  u t i l i z e d ,  am p u ta tio n s  w ere p erfo rm ed  on p ro x im a l, 
m e d ia l , and d i s t a l  seg m en ts . A m putations w ere b o th  in te r s e g m e n ta l  
and in t r a s e g m e n ta l .  Due t o  th e  sm a ll s iz e  o f  th e  A c a ri (lim bs o f te n  
l e s s  th a n  0 .1  mm i n  l e n g t h ) ,  v a r io u s  c u t t in g  d e v ic e s  w ere t r i e d .  
C a p i l la r y  tu b e s ,  p re v io u s ly  p a lc e d  in  a  c a p i l l a r y  tu b e  p u l l e r  ( to  
o b ta in  e x t r a - f i n e  p o i n t s ) w ere sh a rp  enough b u t th e  t i p s  w ere to o  
p l i a b l e .  A ttem p ts  t o  am pu ta te  lim bs' u s u a l ly  r e s u l t e d  in  b reak ag e  
o f  th e  ta p e r e d  end o f  t h e  c a p i l l a r y  tu b e .  They a ls o  f a i l e d  to  
g iv e  c le a n  c u t s ;  t h e  s i t e  o f  am p u ta tio n  o f te n  b e in g  rough and uneven. 
The use  o f  c a p i l l a r y  tu b e s  w ith  medium f in e  p o in ts  red u ced  b re a k ag e ; 
how ever, th e s e  w ere u n s a t i s f a c to r y  b ecau se  th e y  w ere n o t f in e  enough 
t o  p erfo rm  in te r s e g m e n ta l  c u t s .
TABLE I
A carin e  R e p re s e n ta t iv e s  S e le c te d  f o r  
R eg e n e ra tio n  E x p e rim en ta tio n
Suborder & Group Fam ily  S p ec ies
M esostigm ata  
(Gamasina) 
(U ropod ina) 
M etas tig m a ta
P ro s tig m a ta
(Prom ata)
(P a ra s i te n g o n a ) 
A stigm ata  
(A c a r id ia )  
C ry p to s tig m a ta  
(P y c n o n o tic a e ) 
(P o ro n o tic a e )
M acrochelidae
U ropodidae
Ix o d ic a e
A rg asid ae
T e tra n y c h id ae
P terygosom idae
P io n id a e
A carid ae
Damaeidae
O r ib a tu l id a e
M acrocheles m uscaedom esticae (S c o p o li ,  1772) 
Fuscuropoda a g i ta n s  (Banks" L908)
Amblyomma amefiearium (L in n aeu s , 1758)
A rgas r a d ia tu s  R a i l l e t  1893
T etranychus n e o ca le d o n icu s  Andre 1933 
P im e lia p h ilu s  podapo lipohaqus ( C u n l i f f e ,  1952) 
P io n a  sp .
R hizoglyphus ech inopus (Fomouze and R ob in , 1868) 
Damaeus sp .
S c h e lb r ib a te s  nudus Woodring 1964
8C a u te r iz a t io n  p roved  t o  tie even l e s s  s u c c e s s fu l  th a n  th e  u se  o f  
c a p i l l a r y  tu h e s .  The th in n e s t  g rad e  o f  nichrom e w ire  o b ta in a b le  was 
a t ta c h e d  on one end t o  a v a r ia b le  tr a n s fo rm e r  and on th e  o th e r  end to  
a  p e n c i l - l i k e  h o ld in g  d e v ic e . A sm a ll p o r t io n  o f  t h e  w ir e ,  fo rm ing  
an in v e r te d  V -shaped s t r u c t u r e ,  p ro tru d e d  from th e  a n t e r i o r  end o f  
th e  h o ld in g  d e v ic e . U sing t h i s  c a u te r i z a t io n  d ev ice  le g  am p u ta tio n s  
c o u ld  be p e rfo rm ed , b u t th e  a p p l ie d  h e a t c o u ld  no t be  lo c a l i z e d  on 
th e  s i t e  o f  am p u ta tio n  and i t  r e s u l t e d  in  th e  e n t i r e  an im al b e in g  
b u r n t .  C om m ercially  p re p a re d  m ic ro d is s e c t in g  la n c e t s  w ere to o  
l a r g e  and d u l l  t o  be  u sed  s u c c e s s f u l ly  f o r  a c a r in e  a m p u ta tio n s .
The in s tru m e n t w hich f i n a l l y  p ro v ed  s u c c e s s fu l  was in  th e  form  
o f  a  b i o l o g i c a l  p in  h o ld e r  w ith  a  sm a ll k n i f e - l i k e  ch ip  o f  b ro k en  
r a z o r  b la d e  in s e r t e d  i n  i t s  t i p .  Sm all n e e d le -n o se  p l i e r s  w ere 
u s e d  t o  b r e a k ,  rem ove, and shape c h ip s  from  th e  r a z o r  b la d e .  More 
b r i t t l e  r a z o r  b la d e s  f a c i l i t a t e d  th e  o b ta in in g  o f  good c h ip s  from  
th e  r a z o r  b la d e .  I  u sed  o rd in a ry  s t e e l  b la d e s ,  becau se  s t a i n l e s s  
s t e e l  b la d e s  would u s u a l ly  bend r a t h e r  th a n  b re a k . U sing r a z o r  b la d e  
c h ip s  a s  an am p u ta tio n  t o o l  p ro v ed  t o  be v e ry  e f f i c i e n t  and  was ex­
c lu s i v e l y  u sed  f o r  a l l  a m p u ta tio n s . The u se  o f  a m ic ro -m a n ip u la to r  
was c o n tem p la te d  b u t n o t t r i e d  b ecau se  i t s  u s e  would r e q u i r e  immobi­
l i z a t i o n  o f  th e  m ite s  f o r  lo n g  p e r io d s  o f  tim e . The r e l a t i v e l y  i n ­
t e n s i v e  l e v e l s  o f  a n e s th e s ia  r e q u i r e d  f o r  lo n g  p e r io d s  o f  im m ob ili­
t y  w ere g e n e r a l ly  f a t a l .
The a c tu a l  c u t t i n g  o f f  o f  th e  lim bs was a tte m p ted  on a  v a r i e t y  
o f  s u b s t r a t e s .  G lass  s u b s t r a te s  p roved  d i f f i c u l t  b ecau se  t h e  c u t ­
t i n g  b la d e  would f l a t t e n  th e  lim b  r a t h e r  th a n  c u t i t .  A s u b s t r a te  
o f  P e rm o p la s t ,  a  com m ercial n o n to x ic  c la y ,  p roved  t o  be to o  s o f t
9f o r  c le a n  c u t t i n g .  A p p lic a t io n  o f  p re s s u re  t o  c u t a le g  u s u a lly  
r e s u l t e d  in  th e  l e g  s im p ly  s in k in g  in to  th e  P e rm o p las t. Pure beesw ax, 
m e lted  and p o u red  in to  a  d e p re s s io n  s l i d e  and a llow ed  t o  s o l i d i f y ,  
was a  s a t i s f a c t o r y  s u b s t r a t e  b u t i t  te n d ed  t o  become s o f t  under th e  
h e a t  o f  th e  m ic ro sco p e  lam p. H is to lo g ic a l  p a r a f f i n  (62°C m e ltin g  
p o in t )  p re v io u s ly  p o u red  in to  th e  c a v i ty  o f  a  d e p re s s io n  s l id e  p ro v e d , 
to  be most s a t i s f a c t o r y .  P a r a f f in  has a  good t e x t u r e ,  and i t s  f i rm ­
n ess  was n o t red u ced  by lamp h e a t .
A m putation  o f  lim b s  r e q u ir e d  tem p o rary  im m o b iliz a tio n  o f 
p o t e n t i a l  am pu tees. Im m o b iliz a tio n  was accom plished  w ith  e i th e r  
e th e r  v ap o rs  o r  COg from  d ry  i c e .  P o te n t i a l  am putees were p la ce d  
on p a r a f f i n  o r  beesw ax c o a te d  d e p re s s io n  s l i d e s  and th e n  p la ce d  in  
a  c lo se d  j a r  c o n ta in in g  th e  a n e s th e s ia .  A ll  ex p e rim en ta l a c a r in e s  
w ere exposed e i t h e r  t o  e th e r  f o r  a p p ro x im a te ly  1 .5  m inu tes or COg 
f o r  a p p ro x im a te ly  3 .0  m in u te s . Dry ic e  was p r im a r i ly  u sed  because  
i t  i s  l e s s  to x ic  and n o t a  f i r e  h a z a rd .
The m a jo r i ty  o f  am p u ta tio n s  w ere done u s in g  a Wild M5 s te r e o -  
m ic ro sco p e ; w ith  20X e y e p ie c e s  and an a d d i t io n a l  2 . OX o b je c t iv e ,  
a  maximum m a g n if ic a t io n  o f  200X was o b ta in e d . L ig h t i n t e n s i t y  o f  
th e  lamp was v a r ie d  by u s in g  a  W ild r e g u la t in g  tr a n s fo rm e r . C au tion  
was e x e rc is e d  in  m o n ito r in g  h e a t  o u tp u t o f  th e  lamp b ecause  l i g h t  
i n t e n s i t i e s  above s ix  v o l t s  o f te n  proved  d e tr im e n ta l  to  th e  m ite s .
E x clud ing  th e  P ro s t ig m a ta , s to c k  c u l tu r e s  o f  a l l  s p e c ie s  o f  
a c a r in e s  u t i l i z e d  w ere m a in ta in e d  in  P7 ty p e  p l a s t i c  snap-cap  v i a l s  
(o b ta in a b le  from  m ost p h a rm a c ie s ) . T his v a i l  has  a  le n g th  o f 53mm, 
i n t e r n a l  d ia m e te r  o f  26 mm and e x te r n a l  d iam e te r o f  28 mm. The
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bottom  o f  th e  v i a l  was co v ered  w ith  a p p ro x im a te ly  20 mm o f  p l a s t e r  
o f  P a r is - c h a rc o a l  (9 :9 )  which s e rv e d  a s  a  s u b s t r a t e .  Ix o d id  t i c k s  
w ere k ep t in  v i a l s  la c k in g  a  p l a s t e r  c h a rc o a l  s u b s t r a t e .  A sm a ll 
sq u are  c u t in  th e  p l a s t i c  to p  was co v ered  w ith  e i t h e r  200 , 270 , o r 
1+00 mesh s t a i n l e s s  s t e e l  w ire  c l o t h  (W.S. T y le r  C o ., C le v e la n d , O h io ). 
The w id th  o f opening  i n  th e  200, 270 , and 1+00 mesh i s  .068 mm, .053 
mm, and .038 mm r e s p e c t iv e ly .  A v a r i e t y  o f  s iz e s  w ere u sed  b ecau se  
a s  th e  mesh number i n c r e a s e s ,  t h e  p r i c e  in c r e a s e s  g r e a t ly .  Newly 
h a tch ed  A stigm ata  would e scap e  th ro u g h  any mesh l a r g e r  th a n  1+00.
The low er mesh numbers w ere a d eq u a te  f o r  th e  o th e r  a c a r in e  c u l ­
tu r e s  -  270 mesh f o r  C -y p to s to g m ata  and M esostigm ata  and 200 mesh 
f o r  M etas tig m a ta . A ll  s c re e n s  w ere g lu e d  to  th e  v i a l  cap w ith  s i l i ­
con ru b b e r .
C u ltu re  v i a l s  w ere m a in ta in e d  in  d e s ic c a to r s  w ith  a  r e l a t i v e  
h u m id ity  o f  95% and room te m p e ra tu re  o f  a p p ro x im a te ly  25°C. The 
r e l a t i v e  hum id ity  was m a in ta in e d  i n  th e  d e s ic c a to r  by u s in g  s p e c i f i ­
ed c o n c e n tra tio n s  o f  s u l f u r i c  a c id  a s  th e  d e s ic c a n t .  The s p e c i f i c  
g r a v i ty  was de te rm in ed  w ith  a  h y g ro m e te r, and RH v a lu e s  o b ta in e d  
from  th e  Handbook o f  C hem istry  and P h y s ic s .  U t i l i z a t i o n  o f  d e s ic ­
c a to r s  w ith  a  h ig h  r e l a t i v e  h u m id ity  d r a s t i c a l l y  d e c re a se d  th e  
need f o r  p e r io d ic  w a te r in g  o f  c u l tu r e  tu b e s .  V arious A stig m ata  
and M esostigm ata have been  k e p t f o r  m onths w ith o u t ad d in g  any 
w a te r t o  th e  in d iv id u a l  v i a l  s u b s t r a t e .
Upon com ple tion  o f  a  d e s i r e d  a m p u ta tio n , th e  s i t e  o f  am p u ta tio n  
was checked by p la c in g  th e  am p u ta ted  specim en in  a  drop o f  w a te r  in  
th e  c a v i ty  o f  a  sh a llo w  d e p re s s io n  s l i d e  and ch eck in g  w ith  a  b r ig h t  
f i e l d  m icroscope (200-1+00X). T h is  p ro c e d u re  was a l s o  ad h ered  to  when
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ch eck in g  i n  v iv o  m o ltin g  p ro c e s s e s .  W ith th e  l a r g e r  s p e c ie s  such 
as th e  t i c k s ,  t h e  s i t e  o f  am p u ta tio n  would he v e r i f i e d  w ith  a  s t e r e o ­
sco p ic  m ic ro sco p e  a t  200X.
I I .  MESOSTIGMATA
A. M acrocheles m usaedom esticae -  A s t a r t e r  co lo n y  o f  M;_ m uscae­
d o m esticae  was o b ta in e d  from D r. J .  G. R o d rig u ez , U n iv e r s i ty  o f  
K entucky, L e x in g to n , K entucky. The c u l tu r in g  te c h n iq u e  was a  v a r i ­
a t io n  o f  t h a t  d e sc r ib e d  by R odriguez  e t  a l ,  (1962 ) . M acrocheles 
m uscadom esticae  was c u l tu r e d  in  c o n ta in e r s  c o n ta in in g  cow manure 
w here f r e e  l i v i n g  nem atodes and some manure se rv ed  as  th e  food  s o u rc e . 
R odriguez  e t  a l ,  (1962 ) r e p o r te d  t h a t  nem atodes were a n a tu r a l  food  
o f  M^ m u scaed o m esticae . I  m a in ta in e d  t h i s  s p e c ie s  in  th e  l a b o r a to r y  
f o r  o v e r s i x  m onths.
B. F uscouropoda a g i ta n s  -  These m ite s ,  o f te n  c a l l e d  t h e  
"earthw orm  m i te s " ,  w ere c o l l e c te d  from  com m ercial earthw orm  beds 
in  West B aton Rouge P a r i s h ,  L o u is ia n a . In  th e  l a b o r a to r y ,  th e s e  
m ite s  w ere c u l tu r e d  on e i t h e r  a  d i e t  o f  B rew er's  y e a s t  o r  w heatgerm . 
They a p p ea red  t o  c u l tu r e  b e t t e r  i f  la r g e  numbers (a p p ro x im a te ly  t h i r t y  
o r  m ore) a r e  m a in ta in e d  to g e th e r  i n  a  s in g le  c u l tu r e  tu b e .
I I I .  METASTIGMATA
S in ce  t i c k s  a re  b lo o d  su ck in g  e c to p a r a s i t e s ,  t h e r e  was th e  a d d i­
t i o n a l  p ro b lem  o f  p ro v id in g  s u i t a b l e  h o s ts .  P r io r  t o  m o u ltin g , 
b o th  s p e c ie s ,  Amblyomma am ericanum  (ix o d id a e )  and Argas r a d i a t u s . 
(A rg a s id ae ) r e q u ir e d  a  b lo o d  m eal. The p rim ary  problem  e n co u n te re d  
was t h a t  o f  h av in g  to  p la c e  th e  am puta ted  t i c k s  on a  s u i t a b l e  h o s t 
and b e in g  a b le  to  re c o v e r  th e  t i c k s  a f t e r  engorgem ent.
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A. Amblyomma am ericanum  -  T h is  s p e c ie s  was o r i g i n a l l y  o b ta in e d  
from  D r. R. 0 . Drummond, USDA, K e r r v i l l e ,  T ex as. T h is s p e c ie s ,  known 
a s  th e  " lo n e  s t a r "  t i c k ,  h a s  a  w ide v a r i e t y  o f  mammalian and a v ian  
h o s t s . R a b b its  (O ry c to la g u s  c u n ic u lu s ) w ere f i r s t  u t i l i z e d  as  th e  
h o s t and no t i c k  fe e d in g  p rob lem s w ere e n co u n te re d . Snug f i t t i n g  
z ip p e r  b a g s , c o n ta in in g  am p u ta ted  t i c k s ,  w ere p la c e d  on th e  e a r  o f  
t h e  r a b b i t  and a  s t r i n g  was t i e d  s e c u re ly  a round  th e  b a se  o f  th e  
e a r  and bag (G reso n , 1 9 6 6 ). To h e lp  in s u r e  t h a t  th e  r a b b i t  would 
n o t p u l l  th e  bag o f f  w ith  h i s  f e e t ,  a  plywood c o l l a r  (260 mm in  
d ia m e te r  w ith  70 mm h o le  f o r  r a b b i t  n eck ) was p la c e d  on th e  a n im a l 's  
n eck . The c o l l a r  was composed o f  two i d e n t i c a l  p ie c e s  w hich w ere 
p la c e d  on th e  to p  and b o tto m  o f  th e  r a b b i t ' s  neck and secu red  w ith  
b o l t s .  T h is  p ro c e d u re  was n o t s a t i s f a c t o r y  due t o  th e  a n im a l 's  a b i l i t y  
t o  d is lo d g e  and remove th e  z ip p e r  bag by ru b b in g  h i s  head a g a in s t  th e  
cage . On one o c c a s s io n ,  t h e  r a b b i t  even removed th e  b o l t s  which 
s e c u re d  th e  c o l l a r ,  and l o s s  o f  th e  bag q u ic k ly  fo llo w e d . The r a b b i t ' s  
rem oval o f  th e  bag  w ould o f t e n  r e s u l t  i n  th e  lo s s  o f  engorged t i c k s  
w hich had fe d  t o  r e p l e t i o n  and  w ere in  th e  p ro c e ss  o f  f a l l i n g  o f f .
Even i f  t h e  bag was n o t removed by th e  r a b b i t ,  c o l l e c t io n  o f  engorged  
la rv a e  in  t h e  bag  was d i f f i c u l t  and o f te n  r e s u l t e d  in  th e  lo s s  o f  
spec im ens. I  f a n a l l y  gave up on th e  e a r  b ag .
R e g e n e ra tio n  s tu d ie s  im pose t h e  need  t o  c o l l e c t ,  i f  p o s s ib le ,  
a l l  o f  p o s t - f e e d in g ,  am p u ta ted  sp ec im en s. A t i c k  r e t a in in g  d e v ice  
was sou g h t w hich w ould rem ain  on th e  h o s t  f o r  th e  t i c k ' s  e n t i r e  
fe e d in g  p e r io d ,  w ould p re v e n t  th e  e scap e  o f  t i c k s ,  and so u ld  make 
th e  c o l l e c t i o n  o f  a l l  en g orged  specim ens p o s s ib le .  T ic k - r e ta in in g  
c a p su le s  w ere d e v is e d ,  w hich  w ere a v a r i a t i o n  o f  t h a t  d e s c r ib e d  by
K a ise r  ( l 9 6 6 ). Screw -capped p l a s t i c  v i a l s  w ith  an in s id e  d ia m e te r  o f  35 
35 mm were c u t down t o  a  h e ig h t  o f  20 mm. A h o le  ap p ro x im a te ly  15 mm 
in  d ia m e te r  was c u t in  th e  to p  o f  each  m e ta l  s c re w -c a p , and th e  h o le  
co v ered  w ith  a  w elded-on  270 mesh w ire  s c r e e n in g . The p re p a re d  cap ­
s u le  was th e n  g lu ed  w ith  s i l i c o n e  ru b b e r  t o  a  p o ly u re th a n e  foam pad  
(70 x  50 mm) w ith  a  h o le  i n  i t s  c e n te r  s l i g h t l y  s m a l le r  th a n  th e  
d ia m e te r o f  th e  c a p s u le . T h is r e t a i n i n g  d e v ic e  was th e n  sec u re d  
w ith  a d h es iv e  ta p e  over th e  f la n g e s  o f  p o ly u re th a n e  foam t o  th e  s e l e c t ­
ed h o s t .  P r io r  t o  u s in g  a d h e s iv e  t a p e ,  s i l i c o n e  ru b b e r ,  Duco cem ent, 
and b ra n d in g  cement w ere u s e d  t o  g lu e  th e  c a p su le  on th e  h o s t ; how­
e v e r ,  none o f  th e  g lu e s  o r  cem ent h e ld .  Except f o r  th e  p re v io u s ly  
m en tioned  p re l im in a ry  work w ith  th e  r a b b i t , ( O ry c to lag u s  ' c u n ic u lu s ) , 
t h e  g u in ea  p ig  (C avia p o r c e l l u s ) was e x c lu s iv e ly  u t i l i z e d  as  th e  h o s t  
f o r  iLi. am ericanum . The g u in e a  p ig s  w ere more d o c i le  th a n  th e  r a b b i t s  
and l e s s  f r e q u e n t ly  d is lo d g e d  th e  t i c k  r e t a i n i n g  d e v ic e  from  t h e i r  
b o d ie s . P r io r  t o  ta p in g  th e  r e t a i n i n g  c a p su le  on th e  h o s t , i t  was 
n e c e s s a ry  t o  shave w ith  a  c l i p p e r  a  60  mm c i r c l e  on th e  back  o f  th e  
g u in e a  p ig  and remove th e  h a i r  from  t h e  a r e a  (35 mm c i r c l e )  on w hich 
th e  c a p su le  would be p la c e d . Removal o f  h a i r  on th e  e x a c t s i t e  o f  
c a p su le  p lacem en t was done w ith  a  d e p i l i t o r y  a g en t composed o f  an 
aqueous m ix tu re  o f  barium  s u l f id e  and s o lu b le  s t a r c h .  The com plete  
rem oval o f  h a i r  ap p ea red  t o  a id  in  th e  fe e d in g  p ro c e s s  o f  th e  t i c k s ,  
and a ls o  f a c i l i t a t e d  o b s e rv a t io n  o f  fe e d in g  and su b seq u en t c o l l e c ­
t i o n  o f  th e  t i c k s .  I f  a p p l ie d  p r o p e r ly ,  th e  ta p e  would h o ld  th e  
r e t a in in g  c a p su le  s e c u re ly  to  t h e  h o s t  f o r  o v e r a  w eek, w hich was 
lo n g e r  th a n  any t i c k  fe e d in g  p e r io d .  C au tio n  sh o u ld  be ta k e n  n o t t o  
wrap th e  a d h es iv e  ta p e  to o  t i g h t  a round  t h e  h o s t  an im al and cau se
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s u f f o c a t i o n . When th e  c a p su le  was f i rm ly  a t ta c h e d  to  t h e  h o s t ,  
t h e  t i c k s  were p la c e d  in s id e  th e  c a p su le  and th e  to p  screw ed on .
Upon co m p le tio n  o f  f e e d in g ,  t i c k s  w ere c o l le c te d  w ith  an a r t i s t ' s  
"brush, s to r e d  in  v i a l s  w ith o u t p l a s t e r - c h a r c o a l ,  and p la c e d  in  a  
d e s i c c a to r .
B. A rgas r a d ia tu s  -  The s t a r t e r  colong o f A. r a d ia tu s  was 
o b ta in e d  from  J e r r y  M edley, USDA, K e r r v i l l e ,  T exas. Young c h ick e n s  
w ere u t i l i z e d  as h o s ts  f o r  A^ _ r a d i a t u s . The same ty p e  r e t a i n i n g  cap ­
s u le  was u sed  as d e s c r ib e d  f o r  A. am ericanum . The c h ic k e n 's  f e a th e r s  
w ere p lu c k e d  in  th e  a r e a  o f  th e  a x i l l a r y  re g io n  w hich p ro v id e d  a  
m o d e ra te ly  f l a t  p o s i t i o n  f r o  c a p s u le  p lacem en t. Upon co m p le tio n  o f 
f e e d in g ,  th e  engorged a rg a s id  t i c k s  were p la c e d  i n  v i a l s  w ith  a  
p la s t e r - c h a r c o a l  s u b s t r a t e  and s to r e d  in  d e s s ic a to r s  (90$ RH) a t  
32°C u n t i l  m o u ltin g  o c c u r re d . The t i c k s  were s u b je c te d  t o  a p h o to ­
p e r io d  o f  e ig h t h o u rs  o f  l i g h t  and s ix te e n  hours o f  d a rk n e ss .
IV. PROSTIGMATA
A. T etranychus n e o ca le d o n icu s  -  The s p id e r  m ite ,  T ^  n e o ca le d o n - 
i c u s , was o r ig i n a l ly  o b ta in e d  from  D r. Bruce Boudreaux, L o u is ia n a  
S ta te  U n iv e r s i ty ,  B aton Rouge, L o u is ia n a . T . n e o c a le d o n ic u s , b e in g  
p h y to p h ag o u s, was c u l tu r e d  in  th e  la b o r a to r y  on lim a  b ean  le a v e s  (P ha- 
s e o lu s  l im e n s is ) . An in d iv id u a l  l e a f  was p la c e d  on a  pad  o f  w et 
c o t to n  i n  a  p e t r i  d is h  and p la c e d  u n d e r a  f lo u r e s c e n t  b u lb  a t  23°C.
To p re v e n t  th e  e scap e  o f  th e  s p id e r  m i te s ,  th e  in d iv id u a l  l e a f  was 
rimmed w ith  T a n g le fo o t. I  have c o n tin u o u s ly  c u l tu re d  Tj_ n eo ca led o n ­
ic u s  f o r  over two y e a r s .
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B. P im e lia p h i lu s  podap o lip o p h ag u s -  The s t a r t e r  co lony  was 
o r i g i n a l l y  o b ta in e d  from  th e  A caro logy  L a b o ra to ry , Ohio S ta te  U n iv e r s i ty .  
T h is  s p e c ie s  i s  a p a r a s i t e  o f  co ck ro ach es  and was sim ply  c u l tu r e d
in  c o c k ro a c h - re a r in g  cag es  c o n ta in in g  th e  German co ck ro ach , B la te l -  
l a  g e rm an ica . A m putated specim ens o f  P . podapo lipophagus w ere p la c e d  
in  i s o l a t e d  v i a l s  w ith  one o r  two c o ck ro ac h es .
C. P io n a  sp . -  A p p ro x im a te ly  t h i r t y  nymphal P io n a  sp . w ere c o l ­
l e c t e d  in  S t .  James P a r i s h ,  L o u is ia n a . T hese w a te r  m ite s  w ere main­
ta in e d  in  t h e  la b o r a to r y  in  500 ml b re a k e rs  c o n ta in in g  w a te r  from 
th e  m i te s ' n a t u r a l  h a b i t a t .  The m ite s  w ere fe d  on a d i e t  o f  f r e s h ly  
h a tc h e d  b r in e  sh rim p , p re v io u s ly  washed w ith  d i s t i l l e d  w a te r . Un­
f o r tu n a t e ly ,  a l l  c o l l e c t e d  specim ens d ie d  w i th in  a f o r t y - f i v e  day 
p e r io d  and no m o u ltin g  o c c u rre d  i n  e i t h e r  am puta ted  o r  non-am putated  
nymphs.
V. ASTIGMATA
R hizog lyphus ech in o p u s p ro v ed  t o  be an easy  m ite  t o  m a in ta in .
The m ite s  w ere f e d  on a  s te a d y  d i e t  o f  w heat germ. Wo o th e r  food 
was r e q u i r e d .  As s t a t e d  p r e v io u s ly ,  no w a te r in g  was r e q u ir e d  a s  
lo n g  a s  th e  m ite s  w ere m a in ta in e d  in  d e s s ic a to r s  a t  95$ RH. U t i l i z ­
in g  th e  above m ethod , a  h e a l th y  expanding  co lo n y  was m a in ta in ed  fo r  
over a  y e a r .
V I. CRYPTOSTIGMATA
A. S c h e lo r ib a te s  nudus -  W oodring 19&U -  T h is  s p e c ie s  was 
c o l le c te d  by  th e  a u th o r  in  E a s t Baton Rouge P a r i s h ,  L o u is ia n a . As 
w ith  R^ e c h in o p u s , S. nudus was an easy  m ite  t o  m a in ta in . They were 
fe d  on a  d i e t  o f  d r i e d ,  g round-up  mushrooms. A cou p le  o f  d ro p s  o f
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w a te r  were added t o  th e  p l a s t e r - c h a r c o a l  s u b s t r a t e  o f  th e  c u l tu r e  
v i a l  once o r  tw ic e  a  week. T h is  s p e c ie s  h as  been  in  c u l tu r e  f o r  y e a r s .
B. Damaeus sp . -  T h is b e lb id  m ite  p ro v ed  d i f f i c u l t  t o  c u l tu r e .
The re p ro d u c tiv e  c a p a c i ty  a p p e a rs  t o  be  low in  c u l tu r e  and som etim es 
l a r v a l  o r  nymphal s ta g e s  a re  la c k in g . The food  f o r  th e s e  m ite s  was 
B rew er' s y e a s t . T h is d i e t  may o r  may n o t be an o p tim a l d i e t , b u t , 
i t  has m a in ta in ed  th e  c u l tu r e  f o r  o v e r s ix  m onths. As w ith  S . n u d u s , 
a  cou p le  o f  d rops o f  w a te r  w ere added t o  th e  p la s t e r - c h a r c o a l  o f  
th e  c u l tu r e  tu b e  once o r  tw ic e  a  week.
V II. HISTOLOGICAL TECHNIQUES
In  p re p a r a t io n  f o r  s e c t io n in g  o f  Ix o d id  sp ec im en s , th e  d o u b le -  
im bedding m e th a c ry la te  method a s  d e s c r ib e d  by W oodring (1970) was 
u t i l i z e d .  R ibboning  s e c t io n s  w ere c u t a t  8-10 m icrons w ith  s ta n d a rd  
m icrotom e b la d e s .  The s e c t io n s  w ere s ta in e d  w ith  M ayer’s h aem ato x y lin  
and c o u n te r - s ta in e d  w ith  E o s in .
RESULTS OF AMPUTATIONS AND OBSERVATIONS 
ON MOULTING MECHANISMS.
I .  GENERAL
S u c c e s s fu l  lim b am p u ta tio n s  w ere perform ed on r e p r e s e n ta t iv e s  
o f  5 su b o rd e rs  exam ined. A m putations were perform ed on l a r v a l  and 
nymphal i n s t a r s .  Many o f  th e  am putated  a c a r in e s  were a llo w ed  t o  
undergo  s e v e r a l  s u c c e s s iv e  m o u lts  p r io r  t o  b e in g  p re se rv e d  i n  95$ 
a lc o h o l  o r  c le a r e d  in  x y le n e  and mounted in  Perm ount. In  a l l  g roups 
o f  a c a r in e s  t e s t e d ,  c le a n  c u t  am p u ta tio n s  on p ro x im a l, m e d ia l, and 
d i s t a l  lim b segm ents and re c o v e ry  a f t e r  m o u ltin g  was accom plished . 
M u lt ip le  lim b am p u ta tio n s  w ere a ls o  perform ed s u c c e s s fu l ly .  The 
t im e  o f  am p u ta tio n  on th e  a c a r in e  specim ens was g e n e ra lly  v a r ie d  t o  
in c lu d e  b o th  e a r ly  and l a t e r  s ta g e s  o f  a  p a r t i c u l a r  i n s t a r .  The 
p re s e n c e  o r  absence  o f  an au to tom y p la n e  was n o te d . A spects o f  
m o ltin g  p ro c e s s e s  w ere o b serv ed  and compared in  7 sp ec ie s  o f  m ite s  
r e p r e s e n t in g  a l l  5 su b o rd e rs .
I I .  MESOSTIGMATA
A. M acrocheles m uscaedom esticae -  T w en ty -five  specim ens o f  
M. m uscaedom ebticae re c e iv e d  e i t h e r  s in g le  o r  m u ltip le  a m p u ta tio n s . 
T ab le  I I  l i s t s  lim b  am p u ta tio n s  perform ed on M^ m uscaedom esticae . 
Am putated specim ens dy ing  im m ed ia te ly  a f t e r  am puta tion  o r l o s t  
d u r in g  th e  p e r io d  betw een am p u ta tio n  and m o u ltin g  were no t c o u n ted . 
A m putations w ere perfo rm ed  on a l l  immature i n s t a t s  la r v a ,  p ro tonym phs, 
and deutonym phs, and deutonym phs. A ll developm enta l s ta g e s  ap p eared  
t o  be t o l e r a n t  t o  lim b a m p u ta tio n s . As th e  number o f  am p u ta tio n s  
on a s in g le  specim en in c r e a s e d ,  th e  m o r ta l i ty  r a t e  appeared  t o  i n -
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TABLE II
Limb A m putations Perform ed on 
M acrocheles m uscaedom esticae
S tage S i t e  o f  A m putation1 S ubseauen t 
M oults2
R e s u lts ^
la r v a o n e - th i r d  o f  genu (LU) 3 o n e - th i r d  o f  genu
protonym ph p ro x im a l o n e - th i r d 1 o n e - th i r d  o f  fem ur
o f  fem ur (R2)
protonym ph m id-fem ur (R2) 2 m id-fem ur
protonym ph t i b i a - t a r s u s  (R^) 2 d i s t o r t e d  t a r s u s
protonym ph f e m u r - t ib ia  (LU) 1 femur
protonym ph fem ur-genu  (R l) 0 d ie d
deutonymph t i b i a - t a r s u s  ( l ^ ) 1 t i b i a
deutonymph d i s t a l  o n e - th i r d  o f 1 tw o - th i r d s  o f  t a r s u s
t a r s u s  (Rl+)
deutonymph tro c h a n te r - fe m u r  (Rl+) 1 d i s t o r t e d  t r o c h a n te r
deutonymph m id -fem ur; (R l, R2, R3) 0 d ie d
deutonymph tro c h a n te r - f e m u r  j o i n t (R3) 0 d ie d
deutonymph m id - t ro c h a n te r  (L2) 1 Coxae
deutonymph tro c h a n te r - f e m u r  (L l). 1 t r o c h a n te r
deutonymph t a r s a l  claw  (RU & LU) 1 t a r s a l  claw s
deutonymph m id - ta r s u s  (L^) 1 m id - ta r s u s
deutonymph m id-fem ur (R2) 1 m id-fem ur
fem ur-genu  (L3) fem ur-genu
m id - ta r s u s  (L^) m id - ta r s u s
deutonymph m id-genu  (L3) 1 m id-genu
fem ur-genu  (L^) fem ur-genu
m id-genu (R 2) m id-genu
deutonymph fem ur-genu  CR^ +) 1 fem ur-genu
g e n u - t ib i a  (R3) genu
d i s t a l  o n e - th i r d tw o - th i r d s  o f  fem ur
o f  fem ur (L2)
deutonymph m id -p e d ip a lp  (L) 1 m id -p ed ip a lp
m id - t ib ia  (R l) m id - t ib ia
deutonymph t i b i a - t a r s u s  (L l) 1 t i b i a
g e n u - t ib i a  (R 2) genu
t i b i a - t a r s u s  (L3) t i b i a
g e n u - t ib i a  (rM d i s t o r t e d  genu
deutonymph tro c h a n te r - f e m u r  (R2) 1 d i s t o r t e d  femur
fe e n u - t ib ia  (L 2) genu
m id - ta r s u s  (R 3) m id - ta r s u s
g e n u - t ib ia  (L3) genu
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TABLE II (continued)
S tage S i t e  o f  Amput a t  inn-1- Subsequent 
M oults^
•3
R e s u lts ^
deutonymph m id-genu  (RU) 1 m id-genu
deutonymph p ro x im al o n e - th i r d  
o f  t i b i a  (RU)
1 o n e - th i r d  o f  t i b i a
deutonymph m id-fem ur (L2) 1 m id-fem ur
deutonymph p ro x im a l o n e - th i r d  
genu (R3)
1 d i s t o r t e d  t r o c h a n te r
1
R and L r e f e r s  to  r i g h t  o r  l e f t  l e g ;  1-1+ r e f e r s  to  le g  number. 
Example: fem ur-genu  (R l) means th e  r i g h t  le g  I  was c u t o f f  a t
th e  fem ur-genu  j o i n t .
Number o f  m o u lts  p e rm it te d  a f t e r  a m p u ta tio n  b e fo re  m ounting  specim en.
3
The form  o f  th e  m ost d i s t a l l y  re m a in in g  le g  segm ent o r  two i s  
l i s t e d ,  and a l l  p ro x im a l segm ents t o  t h i s  a re  no rm al; f o r  
exam ple, " o n e - th i r d  o f  t i b i a "  means o n ly  o n e - th i r d  o f  th e  
t i b i a  i s  p re s e n t  and t h a t  coxa-fem ur a r e  n o rm al. D is to r te d  
means t h a t  segm ent i s  b o th  s h o r t e r  and abnorm al in  form .
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c r e a s e  p r o p o r t io n a te ly .  The maximum number o f  le g s  c u t o f f  on a  
s in g l e  specim en a t  one tim e  was f o u r .  M u ltip le  am p u ta tio n s  o f te n  
r e s u l t e d  i n  th e  lo s s  o f  th e  a n im a l’s m o b il i ty  and e v e n tu a l  s t a r v a t i o n .
The tim e  o f  am p u ta tio n  d u r in g  a  p a r t i c u l a r  i n s t a r  ap p ea red  t o  
p la y  a  r o l e  in  th e  to le r a n c e  o f  th e  m ite  t o  a m p u ta tio n s . Specim ens 
am p u ta ted  d u rin g  th e  e a r l i e r  p h ase s  o f  an i n s t a r  d ev e lo p ed  a  w e l l -  
d e f in e d  c u t i c l e  o v e r th e  am pu ta ted  stump a f t e r  m o u ltin g . In  s p e c i ­
mens am puta ted  in  th e  l a t t e r  p h ase s  o f  an i n s t a r ,  t h e  c u t i c l e  o v e r 
t h e  am puta ted  stump was n o t w e ll  d e f in e d . Most specim ens am pu ta ted  
i n  th e  l a t t e r  p a r t  o f  an i n s t a r  su rv iv e d  th e  am p u ta tio n  and  m o u lted .
I n  some o f  th e  specim ens r e c e iv in g  m u lt ip le  am p u ta tio n s  i n  th e  
l a t t e r  p a r t  o f  an i n s t a r ,  th e  an im a ls  i n i t i a l l y  ap p ea re d  t o  be in  
good c o n d it io n  a f t e r  th e  am p u ta tio n  was perfo rm ed . They r e t a in e d  
m o b i l i t y ,  fe d  on nem atodes, and even p re p a re d  to  m o u lt. The m o u lt­
in g  p ro c e ss  ap p ea red  norm al a t  f i r s t ,  b u t a f t e r  e c d y s is  th e  specim ens 
d ie d  w i th in  a  few h o u rs . Two o f  th e  m u lt ip le  am putees w ere found 
d ead  and ly in g  n ex t t o  t h e i r  c a s t  ex u v ia . T h is in d ic a te d  t h a t  th e  
a n im a ls  d ie d  v e ry  q u ic k ly  a f t e r  e c d y s is .
None o f  th e  am putated  specim ens o f  M^ m uscaedom esticae  a p p ea red  
t o  d is p la y  any r e g e n e r a t iv e  c a p a c i ty .  In  th e  m a jo r i ty  o f  am puta ted  
s p e c im e n s , th e  s i t e  o f  am p u ta tio n  was th e  d e f i n i t i v e  end o f  th e  
appendage a f t e r  m o u ltin g . In  o n ly  two o f  th e  sp ec im en s, a  sm all 
g row th  was p r e s e n t  d i s t a l  t o  th e  p o in t  o f  am p u ta tio n  in  t h e  n ex t 
d e v e lo p m en ta l s ta g e .  T his was p ro b a b ly  due to  sm a ll am ounts o f  
t i s s u e  b e in g  l e f t  beyond th e  s i t e  o f  am p u ta tio n  a t  t h e  t im e  o f  
o p e r a t io n .  Im m edia te ly  a f t e r  a m p u ta tio n , th e  exposed  t i s s u e  was 
c o v e red  and p r o te c te d  by c o a g u la te d  hemolymph. In  two o f  th e
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am putated  sp ec im en s, some re d u c t io n  was e v id e n t a f t e r  m o u ltin g . I f  
o n ly  th e  t a r s a l  c law s w ere am p u ta ted , th e s e  appeared  a f t e r  th e  v e ry  
n ex t m o u lt. The p re se n c e  o f  t a r s a l  claw s in  th e  n ex t i n s t a r  shou ld  
n o t he c o n s tru e d  a s  e v id en ce  o f  r e g e n e r a t iv e  c a p a c i ty .  The t a r s a l  
claw s a re  c u t i c u l a r  s t r u c tu r e s  and co n se q u e n tly  re p la c e d  a t  every  
m o u lt.
A m putation o f  a  lim b  in  M;_ m uscaedom esticae  g e n e r a l ly  r e s u l t e d  
in  th e  r a p id  c o a g u la t io n  o f  hemolymph a t  th e  p o in t  o f  am p u ta tio n . 
Im m edia te ly  a f t e r  a m p u ta tio n , a  sm a ll dom e-shape hubb le  o f  hemolymph 
u s u a l ly  ap p ea re d  a t  t h e  te rm in a l  end o f  th e  am putated  segm ent. R apid  
c o a g u la t io n  o f  t h e  b u b b le  o f  hemolymph produced a  w e l l-d e f in e d  and 
r i g i d  c l o t .  In  th e  m a jo r i ty  o f  c a s e s ,  th e  c lo t  was lo c a l iz e d  on ly  
on th e  d i s t a l  p a r t  o f  th e  am puta ted  segm en t. Only in  a  coup le  o f  
o c c a s s io n s  was a  c l o t  o b serv ed  t o  f i l l  up an e n t i r e  segm ent. The 
segm ents c o m p le te ly  f i l l e d  w ith  c o a g u la te d  hemolymph ap p ea red  sm all 
and d i s t o r t e d  h f t e r  m o u ltin g . The form  o f  th e  lim b a f t e r  m ou lting  
ap p eared  t o  be d e te rm in e d  by th e  e x te n t  o f  th e  c l o t .  The p re sen ce  
o f  an au to tom y p la n e  was n o t n o te d  in  specim ens o f  M^_ m uscaedom esticae . 
P u l l in g  on a  lim b  n e v e r  r e s u l t e d  i n  b reak ag e  a t  a  s p e c i f ic  p o in t .
Random b re a k ag e  alw ays o c c u rre d .
O b se rv a tio n s  w ere made on c e r t a i n  a s p e c ts  o f  a p o ly s is  in  Mac- 
ro c h e le s  m u scaed o m esticae . W ith in  a  few hours  p r io r  t o  e c d y s is , t h e  
h y sterosom a o f  th e  im m ature s ta g e s  became d is te n d e d ;  how ever, th e  
m ite s  s t i l l  r e t a in e d  t h e i r  m o b i l i ty .  The a c tu a l  p ro c e ss  o f  e c d y s is  
o r sh ed d in g  o f  th e  o ld  c u t i c l e  was a  r e l a t i v e l y  f a s t  p ro c e ss  and th e  
an im als  w ere i n a c t i v e  f o r  o n ly  a  few m in u te s . I s o la te d  immature 
s ta g e s  a c t i v e l y  ru n n in g  around th e  c u l tu r e  tu b e  were ob serv ed  to
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undergo a p o ly s is  s ix  h o u rs  l a t e r .  The a c tu a l  a p o ly t ic  mechanism 
ap p eared  t o  he s im i la r  to  t h a t  i n  o th e r  a ra c h n id  g roups and c e r t a in  
i n s e c t s .  At v a r io u s  tim e  i n t e r v a l s  p r i o r  t o  a c tu a l  e c d y s is ,  s p e c i ­
mens o f  m uscaedom esticae w ere p la c e d  i n  x y len e  and su b se q u e n tly  
mounted in  Permount i n  o rd e r  t o  fo llo w  th e  m o u ltin g  p ro c e s s .
The le g  ep id erm is  s e p a ra te d  from  th e  c u t i c l e  and a  new c u t i c l e  
w ith  a  claw  was s e c re te d  w i th in  th e  o ld  c u t i c u l a r  c o v e r in g . The 
m ite  was a c t iv e  d u rin g  t h i s  p ro c e s s .  E cd y sis  in  th e  im m ature i n s t a r  
o f  M;_ m uscaedom esticae began  w ith  th e  m ite  ro c k in g  b ack  and f o r th  
f o r  a  few m inu tes and s im u lta n e o u s ly  expand ing  and c o n t r a c t in g  i t s  
body. The s p l i t t i n g  o f  t h e  c u t i c l e  o c c u r re d  a lo n g  th e  a n t e r i o r  
edge o f  th e  dorsum. W ith c o n tin u e d  body c o n t r a c t io n s ,  th e  o ld  
c u t i c l e  th e n  s l i d  in  a  p o s t e r i o r  d i r e c t i o n  and e v e n tu a l ly  s l i d  over 
th e  p o s t e r io r  t i p  o f  th e  body . The o ld  c u t i c l e  was bunched up b e ­
h in d  th e  H h  coxae. The new lim b s  w ere w ithdraw n from  th e  o ld  c u t i ­
c u la r  h u l l  and th e  e x u v iae  was f i n a l l y  k ic k e d  o f f  by th e  l e g .  T o ta l 
tim e  r e q u ire d  fo r  e c d y s is  was a p p ro x im a te ly  1*5 m in u te s .
B. Fuscuropoda a g i ta n s  -  S ev en teen  specim ens o f  F\_ a g i ta n s  
re c e iv e d  e i t h e r  s in g le  o r  m u l t ip l e  a m p u ta tio n s . T ab le  I I I  l i s t s  
lim b am p u ta tio n s  perfo rm ed  on F\_ a g i t a n s . An autotom y p la n e  was 
n o t found in  F\_ a g i t a n s . A m putated specim ens dy ing  im m edia te ly  
a f t e r  am p u ta tio n  o r l o s t  d u r in g  th e  p e r io d  betw een am p u ta tio n  and 
m o u ltin g  were no t l i s t e d  i n  T ab le  I I I .  A m putations w ere p reform ed  
on b o th  nymphal and l a r v a l  i n s t a r s . T\_ a g i ta n s  d id  n o t t o l e r a t e  lim b
am p u ta tio n s  as  w e ll a s  m u scaed o m esticae . A pprox im ate ly  25% o f  
a l l  am putated  specim ens o f  F\_ a g i ta n s  d ie d  p r i o r  t o  m o u ltin g . L e th a l 
am p u ta tio n s  o ccu rred  i n  b o th  th e  l a r v a l  and  two nymphal s ta g e s
TABLE III
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Limb A m puta tions P erform ed  on 
Fuscu ropoda  a g i ta n s
S tag e S i t e  o f  A m putation^ S ubseq u est R e su lts ^ .
. M ou lts2
* la rv a d i s t a l  o n e - th i r d 1 d i s t o r t e d t i b i a  &
o f  t i b i a  (L3) t a r s u s
* la rv a m id-fem ur CL2) 1 d i s t o r t e d femur
* la rv a g e n u - t ib i a  (L3) 1 d i s t o r t e d t i b i a  &
t a r s u s
*la r v a tro c h a n te r - fe m u r  (L l) 1 d i s t o r t e d t r o c h a n te r
g e n u - t ib ia  (L2) d i s t o r t e d genu
la r v a p ro x im a l o n e - th i r d 2 p ro x im a l o n e - th i r d
o f  t a r s u s  (R3) . o f  t a r s u s
* la rv a fem ur-genu  (R2) 1 fem ur
l a r v a m id - ta r s u s  (R2) 1 d i s t o r t e d t a r s u s
l a r v a • d i s t a l  o n e - th i r d 1 d i s t o r t e d genu
o f  t i b i a  (L l)
la r v a e t i b i a - t a r s u s  ( L l ) 1 d i s t o r t e d t i b i a
g e n u - t ib ia  (L2) d i s t o r t e d genu
la r v a t i b i a - t a r s u s  (R2) 1 d i s t o r t e d ta r s u s
la r v a d i s t a l  o n e - th i r d  o f 1 d i s t o r t e d t r o c h a n te r
t i b i a  (R3)
l a r v a fem ur-genu  (R3) 2 d i s t o r t e d genu &
t i b i a
la r v a fem ur-genu  (R2) 1 femur
protonym ph m id - ta r s u s  (R3) 1 d i s t o r t e d genu
*protonym ph g e n u - t i b i a  (L3) 1 d i s t o r t e d t i b i a  &
t a r s u s
*deutonymph g e n u - t ib i a  (R3) 1 d i s t o r t e d t i b i a
*protonym ph t i b i a - t a r s u s  (L l) 1 d i s t o r t e d t a r s u s
*
R e fe rs  t o  specim ens r e c e iv in g  a m p u ta tio n s  im m ed ia te ly  a f t e r  rem oval from 
earthw orm  c u l tu r in g  s o i l .
R and L r e f e r s  t o  r i g h t  o r  l e f t  l e g ;  1-U r e f e r s  t o  le g  number. Example: 
fem ur-genu  (R l) means t h e  r i g h t  le g  I  was c u t  o f f  a t  th e  fem ur-genu 
j o i n t .
>
Number o f  m o u lts  p e rm it te d  a f t e r  am p u ta tio n  b e fo re  m ounting specim en.
i
The form  o f  th e  m ost d i s t a l l y  re m a in in g  le g  segm ent o r  two i s  l i s t e d ,  
and a l l  p ro x im a l segm ents t o  t h i s  a r e  norm al; f o r  exam ple, o n e - th i r d  
o f  t i b i a "  means o n ly  o n e - th i r d  o f  th e  t i b i a  i s  p r e s e n t  and t h a t  coxa- 
fem ur a re  n o rm al. D is to r te d  means t h a t  segm ent i s  b o th  s h o r te r  and 
abnorm al in  form .
2U
(protonym ph and deutonym ph).
The s i t e  o f  am p u ta tio n  o f  Fj^ a g i ta n s  w ere c o n s i s t e n t ly  c le a n  
cu t w ith  no t i s s u e  hang ing  beyond th e  p o in t  o f  a m p u ta tio n . The 
r e s u l t s  o f  am p u ta tio n s  were ex trem ely  v a r i a b l e .  Seven o f  th e  IT 
am puta ted  specim ens d e f i n i t e l y  d is p la y e d  a l im i t e d  amount o f  r e ­
g e n e r a t io n .  Only one specim en d is p la y e d  a r e g e n e ra te d  segm ent w hich 
was norm al i n  s iz e  and shape w ith  a  s l i g h t l y  abnorm al s e t a l  p a t t e r n .
In  a l l  o th e r  am putated  specim ens d is p la y in g  r e g e n e ra te d  p o r t io n s  
o f  th e  lim b , th e  r e g e n e ra te d  segm ents w ere a l l  d i s t o r t e d  in  sh ap e , 
s m a lle r  in  s i z e ,  and d is p la y e d  abnorm al s e t a l  p a t t e r n s .  S ix  o f  th e  
am puta ted  specim ens a l s o  d is p la y e d  obv ious re d u c t io n  o r lo s s  o f  
segm ents p ro x im al t o  th e  c u t .  The g r e a t e s t  r e d u c t io n  o c c u r re d  in  
th e  specim en i n  w hich th e  p ro x im al o n e - th i r d  o f  t h e  t i b i a  was c u t 
o f f .  I t  p o sse sse d  o n ly  a  d i s t o r t e d  t r o c h a n te r  on t h a t  le g  a f t e r  
m o u ltin g .
E ig h t o f  th e  17 am putated  specim ens r e c e iv e d  am p u ta tio n s  immedi­
a t e l y  a f t e r  rem oval from  th e  earthw orm  c u l tu r in g  s o i l .  Of th e  8 s p e c i ­
m ens, 5 d is p la y e d  some r e g e n e ra t io n  fo llo w in g  a  s in g le  m o u lt. The 
rem a in d er o f  th e  17 am puta ted  specim ens w ere r e a r e d  in  th e  la b o ra to ry  
and fe d  on a  d i e t  o f  y e a s t  f o r  s e v e r a l  w eeks. Only two o f  th e  t o t a l  
specim ens r e a re d  in  th e  la b o r a to r y  showed any  r e g e n e r a t io n  a f t e r  m o u lt­
in g . The m a jo r i ty  o f  specim ens r e a r e d  i n  t h e  la b o r a to r y  d is p la y e d  
some seg m en ta l r e d u c tio n  a f t e r  m o u ltin g .
Two o f  th e  am putated  l a r v a e ,  b o th  r e a r e d  in  th e  l a b o r a to r y ,  
w ere a llo w ed  to  undergo  two s u c c e s s iv e  m o u lts  fo llo w in g  a m p u ta tio n .
In  one o f  th e  two specim ens r e c e iv in g  o n ly  a  t a r s a l  c u t ,  a d i s to r t e d
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t a r s u s  was e v id e n t fo llo w in g  th e  f i r s t  m o u lt. The o th e r  specim en 
p re v io u s ly  r e c e iv in g  a fem ur-genu c u t on th e  am putated  lim b  had  o n ly  
a  d i s t o r t e d  fem ur a f t e r  th e  f i r s t  m oult b u t d is p la y e d  a  norm al 
fem ur and d i s t o r t e d  genu and t i b i a  upon com ple tion  o f  th e  second 
m o u lt.
L e th a l am p u ta tio n s  w ere r a r e  in  th e  group o f  u ro p o d id s  r e c e iv in g  
am p u ta tio n s  im m ed ia te ly  a f t e r  rem oval from  th e  earthw orm  c u l tu r in g  
s o i l .  A pprox im ate ly  50% o f  th e  c u l tu r e d  u ro p o d id s  d ie d  a f t e r  r e c e iv ­
in g  an  a m p u ta tio n .
A m putation o f  a lim b  i n  a g i ta n s  g e n e r a l ly  r e s u l t e d  in  th e  
r a p id  c o a g u la t io n  o f  hemolymph a t  th e  p o in t  o f  a m p u ta tio n . B leed in g  
cea sed  a lm o st im m ed ia te ly  a f t e r  th e  c u t was m ade, and g e n e r a l ly  a 
lo c a l i z e d  c l o t  i n  th e  d i s t a l  p a r t  o f  th e  am putated  segment r e s u l t e d .
The m o u ltin g  p ro c e s s  o f  P\_ a g i ta n s  was s im i la r  to  t h a t  d is p la y e d  
by Mj_ m u scaed o m esticae . The le g  ep id erm is  s e p a ra te d  from  th e  o ld  
c u t i c l e ,  and new c u t i c l e  and claw  was s e c re te d  w ith in  th e  o ld  e u t i -  
c u la r  c o v e r in g . The s e p a r a t io n  o f  lim b ep id erm is  from th e  c u t i c l e  
and s e c r e t io n  o f  new c u t i c l e  d id  n o t impede m o b i l i ty .  The a p o ly s in g  
m ite  was n o t a s  a c t i v e  as  th e  n o n ap o ly sin g  m i te s ,  b u t would w alk  i f  
s l i g h t l y  p ro d d ed . A few specim ens d is p la y e d  m o b il i ty  d u r in g  a p o ly -  
s i s  and w ere c le a re d  in  x y le n e  and mounted in  Perm ount. The new 
le g  w ith  a  new claw  was c l e a r l y  seen  s e p a ra te d  from  b u t w i th in  th e  
o ld  l e g  c u t i c l e .  E cd y sis  in  F . a g i ta n s  s t a r t e d  w ith  th e  a n t e r i o r  
and l a t e r a l  s p l i t t i n g  o f  th e  c u t i c l e .  The em erging m ite  p u l le d  th e  
le g s  f r e e  o f  t h e  e x u v iae  and pushed  down on i t s  v e n t r a l  p o r t i o n .
T h is  a c t io n  r e s u l t e d  i n  th e  l i f t i n g  o r p u sh in g  up o f  th e  to p  o f  
th e  e x u v ia e . Com plete rem oval o f  a l l  le g s  from  th e  exuvium r e s u l t e d
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i n  th e  a n im a l 's  com plete em ergence.
I I I .  METASTIGMATA
A. Amblyomma americanum -  A pprox im ate ly  1*0 specim ens o f  A. 
americanum  re c e iv e d  e i t h e r  s in g le  o r  m u l t ip l e  a m p u ta tio n s . Amputa­
t i o n s  w ere perform ed  on "both l a r v a l  and nymphal i n s t a r s  b e fo re  and 
a f t e r  engorgem ent. A. americanum p o s s e s s e s  o n ly  one nymphal i n s t a r
in  i t s  l i f e  c y c le .  The to le r a n c e  o f  specim ens t o  am p u ta tio n s  was
r e l a t i v e l y  h ig h  in  com parison  w ith  t h e  o th e r  a c a r in e  groups t e s t e d .  
A pproxim ately  50% o f  a l l  am putated specim ens r e c e iv e d  m u l t ip le  
a m p u ta tio n s . The m a jo r i ty  o f  am putated  specim ens su rv iv e d  s im u lta n eo u s  
am p u ta tio n s  o f  p o r t io n s  o f  o n e , tw o , o r  t h r e e  lim b s . The maximum 
number o f  lim b s am putated  on any one specim en t h a t  su rv iv e d  and 
m oulted  was f o u r .  I t  was common f o r  specim ens t o  s u rv iv e  p ro x im al 
(c o x a l)  am p u ta tio n s  on th r e e  lim b s . A m putations in  ex cess  o f  f iv e
w ere alw ays f a t a l .  T h is to le r a n c e  f o r  am p u ta tio n s  a p p l ie s  o n ly  t o
a c t iv e  specim ens b e fo re  and a f t e r  engo rgem en t. A m putation o f  a 
lim b on a  q u ie sc e n t s ta g e  (a p o ly s in g )  r e s u l t e d  i n  th e  d e a th  o f  th e  
specim en.
A m putations were perform ed  on b o th  p ro x im a l and d i s t a l  segm ents 
o f  a l l  fo u r  p a i r s  o f  le g s  a t  one tim e  o r  a n o th e r .  In  a d d i t io n  to  
p e rfo rm in g  am p u ta tio n s  w ith  ra z o r  b la d e  c h ip s ,  e n t i r e  le g s  w ere p u l le d  
from  th e  body w ith  fo r c e p s .  Removal o f  lim b s  w ith  tw e e z e rs  would 
u s u a l ly  r e s u l t  in  o n ly  th e  coxae re m a in in g . The coxae i s  fu se d  
on to  th e  v e n te r  o f  t h e  body. In  some sp ec im e n s , th e  coxae w ere 
squeezed  and to r n  b u t ,  u n f o r tu n a te ly ,  n e v e r  c o m p le te ly  rem oved.
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E very  specim en (100%) w hich su rv iv e d  am p u ta tio n  and m oulted  
r e g e n e r a te d  com ple te  and p e r f e c t  app en d ag es. A l l  re g e n e ra te d  appen­
dages w ere norm al in  s i z e ,  fo rm , and s e t a l  p a t t e r n s .  U n lik e  many 
o f  th e  i n s e c t s  w hich r e q u i r e  s u c c e s s iv e  m ou lts  t o  o b ta in  a  c o m p le te ly  
norm al ap p en d ag e , A. americanum o n ly  r e q u i r e s  one m o lt. R eg a rd le ss  
o f  t h e  p o in t  o f  a m p u ta tio n  on la r v a e  o r  nymphs, a  p e r f e c t  lim b 
a p p ea re d  i n  th e  n e x t i n s t a r .  From a  t o t a l  o f  fo u r  l a r v a l  specim ens 
w ith  a  l e g  am p u ta ted  a f t e r  engorgm en t, t h r e e  w ere am putated , one 
day  a f t e r  engorgem ent and d r o p - o f f .  In  th e  f o u r th  specim en , a  t a r s u s  
was rem oved f iv e  days a f t e r  engorgem ent. T his specim en m oulted  16 
d ays l a t e r  o r  one day l a t e r  th a n  th e  o th e r  3 .
The l i f e  c y c le  tim e  o f  A^ am ericanum  d id  n o t ap p ea r to  be 
a p p r e c ia b ly  a f f e c t e d  by a m p u ta tio n s . In  non-am puta ted  l a r v a e ,  an 
a v e ra g e  o f  23 days w ere r e q u i r e d  from  th e  s t a r t  o f  fe e d in g  u n t i l  
e c d y s is .  In  th e  am puta ted  l a r v a e ,  an av erag e  o f  2k days were r e q u ir e d  
f o r  t h e  same r e s u l t .
A m puta tion  o f  a  lim b  i n  A;_ am ericanum  r e s u l t e d  in  th e  r a p id  
c o a g u la t io n  o f  hemolymph a t . t h e  p o in t  o f  a m p u ta tio n , where a  f irm  
c l o t  was q u ic k ly  d e v e lo p ed . Im m ed ia te ly  a f t e r  th e  c u t was made, t h e  
t i c k  c o u ld  even  w alk  on th e  le g  and no b le e d in g  o c c u rre d . An autotom y 
p la n e  was n o t n o te d  i n  am ericanum . P u l l in g  on lim bs would no t 
r e s u l t  i n  b re a k ag e  a t  a  s p e c i f i c  p o in t .
A sp e c ts  o f  a p o ly s is  w ere o b se rv ed  in  th e  l a r v a l  s ta g e s  o f  A. 
am ericanum . Upon co m p le tio n  o f  engo rgem en t, w hich u s u a l ly  r e q u ire d  
f i v e  d a y s , th e  t i c k  la r v a e  rem ained  a c t iv e  f o r  a n o th e r  ^-5  d ay s .
The l a r v a e  th e n  became q u ie s c e n t  and rem ain ed  i n  t h a t  c o n d i t io n  f o r  
a p p ro x im a te ly  13-15 d a y s . B alashov  (1963) s t a t e s  t h a t  th e  e n try  o f
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h o s t b lo o d  i n to  th e  t i c k ' s  g u t s e rv e s  as  a  s t im u lu s  t o  i n i t i a t e  
th e  m o ltin g  p ro c e s s .  D uring  th e  lo n g  p e r io d  o f  fe e d in g  in  Ixod idae  
th e  p ro c e ss  o f  in te n s iv e  grow th  o f  g u t c e l l s ,  g o n ad s, and ep id erm is  
p ro ceed s  p r o p o r t io n a l ly  t o  th e  in g e s t io n  o f  more b lo o d . A s e q u e n t ia l  
s e r i e s  o f  a p o ly s in g  la r v a e  w ere f ix e d  in  B r a z i l 's  s o lu t io n  and 
e i t h e r  s e c tio n e d  o r  p re s e rv e d  in  a lc o h o l .  L arvae c o l l e c te d  d u rin g  
th e  fe e d in g  p e r io d  w ere f o r c ib ly  removed w ith  th e  a id  o f  fo rc e p s  
from  th e  h o s t  and w ere f ix e d  and s e c t io n e d . The " f i r s t - d a y "  fe e d ­
in g  l a r v a  was l o s t  d u r in g  h a n d lin g .
In  th e  specim en c o l l e c t e d  on th e  second  day o f  f e e d in g , a sm all 
amorphous b u d , t h e  c e l l s  o f  w hich  w ere u n d erg o in g  in te n s iv e  m ito s e s , 
was e v id e n t i n  a  r e g io n  b e h in d  th e  t h i r d  p a i r  o f  l e g s .  The bud can­
n o t be seen  e x t e r n a l l y ,  b u t i t  was c l e a r l y  seen  in  s e c t io n s ,  was 
seen  to  l i e  w i th in  a  sm a ll c a v i ty  in s id e  th e  body. In  th e  " fo u r th -  
day" specim en , b o th  th e  c a v i ty  and th e  Uth l a r v a l  lim b w ere l a r g e r  th a n  
in  th e  " th i r d - d a y "  specim en and a t  l e a s t  th r e e  segm ents o f  th e  lim b 
c o u ld  be d i s t in g u is h e d .  The " f i f t h - d a y "  specim en p o sse sse d  a  re c o g ­
n iz a b le  f o u r th  p a i r  o f  l a r v a l  lim bs w i th in  a  c a v i ty  j u s t  under th e  
c u t i c l e ,  w hich ap p ea red  t o  have th e  f u l l  complement o f  norm al lim b 
segm ents. The lim b  was' c l e a r l y  v i s i b l e  th ro u g h  th e  c u t i c l e ,  and i t  
rem ained  in  t h a t  p o s i t i o n  f o r  th e  n ex t !t t o  5 days (up t o  th e  s t a r t  
o f  a p o ly s i s ) .  In  th e  f i r s t  day o f  th e  in a c t iv e  s ta g e  ( s t a r t  o f  
a p o ly s i s ) ,  t h e  e x u v ia l  sp ac e  became e v id e n t  in  th e  p ro te ro so m a l 
r e g io n ,  and t h i s  sp ace  ex ten d e d  s l i g h t l y  p o s t e r io r  t o  th e  scutum .
The f o u r th  p a i r  o f  l a r v a l  le g s  w ere s t i l l  v e ry  e v id e n t and s t i l l  
p o sse sse d  th e  f u l l  complement o f  segm ents. On t h i s  f i r s t  day o f  
q u ie sc e n c e , th e  e p id e rm is  o f  le g s  I - I I I  ap p ea red  t o  have begun to
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d e ta c h  from  th e  o ld  c u t i c l e .  On th e  second day o f  q u ie sc e n c e  th e  
seg m en ta tio n  o f  th e  fo u r th  p a i r  o f  l a r v a l  le g s  was s t i l l  d i s t i n c t .  
M eanw hile, th e  m a jo r i ty  o f  t i s s u e  in  le g s  I - I I I  a p p ea re d  t o  have 
r e g re s s e d  t o  th e  m id - ta r s a l  r e g io n . On th e  t h i r d  day o f  q u ie sc e n c e , 
th e  f o u r th  p a i r  o f  l a r v a l  le g s  were a lm ost a s  l a r g e  a s  th e  f u n c t io n a l  ■ 
le g s .  At th e  same t im e , le g s  I - I I I  had r e g re s s e d  t o  t h e  d i s t a l  r e g io n  
o f  t h e  t i b i a .  The d iam e ter o f  th e  r e g r e s s in g  le g s  ( i - I I l )  a l s o  
seemed t o  be d e c re a s in g . On th e  f o u r th  day o f  a p o ly s i s ,  th e  f o u r th  
p a i r  o f  l a r v a l  le g s  became l e s s  d i s t i n c t  and much s m a lle r  i n  s iz e  
th a n  i t  d id  in  th e  p re c ed in g  day. On th e  f i f t h  d a y , t h e  l a r v a  had 
a  sm a ll ru d im en ta ry  fo u r th  p a i r  o f  le g s  (nymphal l e g s ) ,  w hich a p p e r -  
ed t o  be sem i-segm ented . Legs I - I I I  had in  th e  m eantim e r e g re s s e d  
t o  th e  l e v e l  o f  th e  genu. The in n e r  p o r t io n s  o f  t h e  r e g r e s s in g  
lim b s ( I - I I I ) s t a r t e d  to  show s ig n s  o f  se g m e n ta tio n  i n  th e  mass o f  
t i s s u e  p r e s e n t  under th e  coxae. In  th e  s ix th  day o f  q u ie s c e n c e , th e  
la r v a  had a  f o u r th  p a i r  o f  nymphal le g s  w hich had in c re a s e d  in  s iz e  
and had com plete  seg m en ta tio n . The rem ain d er o f  t i s s u e  o f  le g s  
( I - I I I ) in  th e  o ld  le g  h u l l  had re g re s s e d  t o  t h e  fem u r, w h ile  th e  
m ain t i s s u e  mass s t a r t e d  t o  e lo n g a te  and become segm ented u n d er th e  
o ld  c u t i c l e  in  th e  body e x u v ia l sp ace . In  th e  e ig h th  day o f  
a p o ly s i s ,  th e  la r v a  d isp la y e d  a  f u l l y  segm ented f o u r th  p a i r  o f  nymphal 
l e g s ,  w hich were more developed and l a r g e r  in  s i z e  th a n  th e  o th e r  
nymphal le g s  ( i - I I l ) .  These nymphal le g s  now p o r tru d e d  in to  th e  
body e x u v ia l  sp ace . The rem ain ing  t i s s u e  in  th e  l e g  h u l l  had 
r e g re s s e d  t o  th e  coxae ( i - I I l ) .  In  th e  te n -d a y  l a r v a ,  a l l  k new 
nymphal le g s  w ere o f  th e  same s iz e  and l a i d  f o ld e d  upon th e m se lv e s  
in  th e  v e n t r a l  e x u v ia l  sp ace . They rem ain  t h i s  way u n t i l  e c d y s is .
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E cdysis  "began w ith  th e  t e a r i n g  o f  c u t i c l e  aroung  th e  a re a  o f  th e  scutum . 
From th e  scu tum , t h i s  s p l i t  c o n tin u e d  around  th e  l a t e r a l  s id e s  o f  th e  
body u n t i l  i t  re a ch e d  a  p o in t  im m ed ia te ly  b eh in d  th e  f o u r th  p a i r  o f  
l e g s .  The t i c k  s p l i t  t h e  c u t i c l e  by p e r io d i c a l ly  expanding  i t s  body.
The e x p an s io n  movements w ere v e ry  s tro n g  w h ile  th e  c u t i c l e  was in  
th e  p ro c e ss  o f  s p l i t t i n g  and su b s id e d  as  th e  d o r s a l  p o r t io n  o f  th e  
exuvium s l i d  i n  a  p o s t e r i o r  d i r e c t i o n .  As th e  ex u v iae  s l i d  back  on 
th e  d o r s a l  r e g io n  o f  t h e  em erging t i c k ,  a  s e r i e s  o f  w rin k le s  form ed 
on th e  v e n t r a l - p o s t e r i o r  r e g io n  o f  th e  e x u v iae . The s p l i t t i n g  o f  
th e  c u t i c l e  and p o s t e r i o r  s l i d i n g  o f  th e  ex u v iae  t o  th e  p ro x im al 
end o f  th e  h y s te ro so m a  r e q u i r e d  a p p ro x im a te ly  t h r i t y  m in u te s . At 
t h i s  p o in t ,  body movements te n d e d  t o  be r e s t r i c t e d  t o  th e  u n fo ld in g  
and s t r e t c h i n g  o f  l e g s .  The t a r s i  were s t i l l  i n  t h e  o ld  c o x a l h u l l .  
S t r e tc h in g  o f  th e  le g s  r e q u i r e d  ab o u t tw en ty  m in u te s . Upon com ple­
t i o n  o f  p a r t i a l  l e g - s t r e t c h i n g ,  t h e  em erging t i c k  removed m o u th p a rts  
from  u n d er o ld  s c u ta l  e x u v ia e , s t r e tc h e d  le g s  t o  f u l l  l e n g th ,  and 
l i t e r a l l y  w alked  ou t o f  th e  e x u v ia e . T o ta l  tim e  re q u ir e d  f o r  
e c d y s is  was a p p ro x im a te ly  f i f t y  m in u te s .
B. A rgas .r a d ia tu s  -  The r e g e n e r a t iv e  c a p a c ity  o f  A^ _ r a d ia tu s  
was o b se rv ed  i n  te n  sp ec im en s , b o th  th e  l a r v a l  and th e  nymphal s ta g e s .
A. r a d ia tu s  n o rm a lly  d is p la y s  two nymphal i n s t a r s  d u r in g  i t s  l i f e  
c y c le ;  how ever, a  t h r i d  nymphal i h s t a r  som etim es o c c u rs . A pproxim ate­
l y  t h i r t y  am pu ta ted  specim ens w ere l o s t  on th e  h o s t .  P lacem ent o f  
th e  r e t a i n i n g  c a p su le  i n  th e  a x i l l a r y  re g io n  o f  sm all b i r d s  o f te n  
r e s u l t e d  in  c a p s u le  s l ip p a g e  due to  le g  movement o f  th e  b i r d .  Argas 
r a d ia tu s  ap p ea re d  t o  be  m o d e ra te ly  t o l e r a n t  t o  lim b a m p u ta tio n s . 
A p prox im ate ly  50$ o f  t h e  am pu ta ted  specim ens ( p r im a r i ly  l a r v a e )  d ie d .
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Hemolymph c o a g u la tio n  was v e ry  slow  in  Aj_ r a d i a t u s  and i t  o f te n  
r e q u i r e d  10 to  15 m in u tes  f o r  a lim b t o  s to p  b le e d in g  a f t e r  a m p u ta tio n . 
F o llo w in g  hemolymph c o a g u la t io n ,  a  f irm  c l o t  a p p e a re d  a t  th e  s i t e  o f  
am p u ta tio n . I f  n o t p re v e n te d  from  w alk in g  p r i o r  t o  c l o t  fo rm a tio n , 
th e  specim en b le d  p ro f u s e ly  from  th e  stum p. The te r m in a l  end o f  th e  
am puta ted  lim b to u ch ed  th e  s u b s t r a t e  d u r in g  w a lk in g  and c a p i l l a r y  
a c t io n  cau sed  th e  w ith d raw a l o f  f l u i d  from  th e  wound. The m a jo r i ty  
o f  am pu ta ted  specim ens w ere p re v e n te d  from  w a lk in g  u n t i l  c o a g u la t io n  
o f  hemolymph o c c u rre d . L a rv a l specim ens o f te n  d ie d  w i th in  one hour 
a f t e r  an  am p u ta tio n  was p e rfo rm ed . A pprox im ate ly  75% o f  nymphs (p ro -  
tonymph and deutonymph) su rv iv e d  a m p u ta tio n s .
The s i t e s  o f  am p u ta tio n s  o f  A. r a d ia tu s  w ere  v a r i e d ,  w ith  am puta­
t i o n s  b e in g  perform ed on b o th  p ro x im al and d i s t a l  l e g  segm ents. An 
autofcomy p la n e  was n o t o b se rv ed  i n  A^ r a d i a t u s .
Every specim en, w hich su rv iv e d  a m p u ta tio n  and  m o u lte d , r e g e n e r ­
a te d  p re v io u s ly  am putated  appendages. U n lik e  A. am ericanum , a l l  r e ­
g e n e ra te d  lim bs w ere m in a tu re  v e r s io n s  o f  a no rm al l e g .  The shape 
o f  each  segment and th e  c h a e to ta x y  was p e r f e c t l y  n o rm a l, b u t th e  
s i z e  was re d u c ed . F o llo w in g  a s in g le  m o u lt, a l l  o f  th e  am p u ta t­
ed specim ens d is p la y e d  re g e n e ra te d  lim b s w hich  w ere  ap p ro x im a te ly  
75% o f  th e  le n g th  o f  a  norm al c o rre sp o n d in g  l e g .  The s i t e  o f  am puta­
t i o n  d id  n o t a p p re c ia b ly  a f f e c t  th e  le n g th  o f  th e  re g e n e ra te d : ';lim b 
a f t e r  m o u ltin g . For exam ple, two protonym phs r e c e iv e d  am p u ta tio n s  
on th e  r i g h t  second le g ;  one protonym ph r e c e iv e d  an  am p u ta tio n  b e ­
tw een  th e  coxa -  t r o c h a n te r  j o i n t  and a n o th e r  protonym ph had o n ly  th e  
r i g h t  t a r s u s  removed. Both specim ens d is p la y e d  r e g e n e r a te d  appendages
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o f  a p p ro x im a te ly  th e  same le n g th .  A doub le  am p u ta tio n  on a  s in g le  
specim en a ls o  d id  n o t ap p ea r t o  a f f e c t  th e  av erag e  s iz e  o f  th e  r e ­
g e n e r a t in g  lim b .
Two o f  th e  am puta ted  protonym phs w ere a llo w ed  t o  undergo  two 
s u c c e s s iv e  m o u lts  p r i o r  t o  th e i r . ,b e in g  p la c e d  in  a  p r e s e r v a t iv e .
In  b o th  specim ens th e  r e g e n e ra te d  lim b  had a t t a in e d  th e  norm al s iz e  
fo llo w in g  th e  second  m o u lt . T h is i s  s im i la r  t o  th e  s i t u a t i o n  e n c o u n te r­
ed in  m a p y 'in s e c ts  and n o n -a c a r in e  a ra c h n id s  such  as  s c o rp io n s . The 
am pu ta ted  appendage o f te n  does n o t a t t a i n  norm al s iz e  u n t i l  a  number 
o f  s u c c e s s iv e  m o u lts  has o c c u r re d .
U n lik e  am ericanum , A. r a d ia tu s  does n o t w ithdraw  th e  le g s  
p r i o r  t o  a c tu a l  e c d y s is  n o r does i t  p o sse s  a  q u ie s c e n t  s ta g e  b e fo re  
m o u ltin g . A m putated specim ens have been  o b serv ed  w alk in g  a round  th e  
c u l tu r e  tu b e ,  and m o u ltin g  a  few h o u rs  l a t e r .  One a c t iv e  nymph t h a t  
a p p ea red  as  th ough  i t  w ere g e t t i n g  re a d y  to  undergo e c d y s is  was 
d e h y d ra te d , c le a r e d  i n  x y le n e , and m ounted in  Perm ount. The le g  
e p id e rm is  had a l r e a d y  s e p a ra te d  from  th e  c u t i c l e  and a  new c u t i c l e  
was s e c r e te d  w i th in  th e  o ld  c u t i c u l a r  c o v e r in g . The new t a r s a l  claw s 
w ere v e ry  e v id e n t i n  th e  m idd le  re g io n  o f  th e  o ld  t a r s a l  h u l l .
E cd y sis  s t a r t e d  w ith  th e  c u t i c l e  s p l i t i n g  in  th e  a n t e r i o r  end 
o f  th e  t i c k  and th e  s p l i t  p ro g re s s in g  in  a  p o s t e r io r  d i r e c t i o n  a lo n g  
th e  l a t e r a l  s id e s  o f  th e  exuvium . T h is  s p l i t t i n g  p ro c e ss  u s u a l ly  
te rm in a te d  b e h in g  th e  f o u r th  p a i r  o f  l e g s .  The t i c k  th e n  pushed 
a g a in s t  th e  dorsum o f  th e  exuvium w hich r e s u l t e d  in  a  d o r s a l  l i d  r e s t ­
in g  a t  an ap p ro x im ate  70° a n g le ,  from  th e  rem a in d er o f  th e  ex u v iag . 
E cd y s is  was com pleted  by th e  t i c k  p u l l in g  i t s  le g s  o u t o f  i t s  e x u v ia l  
h u l l  and co m p le te ly  em erging from  th e  exuvium.
33
IV. PROSTIGMATA
A. T e tran y ch u s  n e o c a le d o n ic u s  -  A pprox im ate ly  75 sp ec im en s, 
b o th  l a r v a l  and nymphal s ta g e s  o f  T. n e o ca le d o n icu s  r e c e iv e d  am puta­
t i o n s .  Both th e  l a r v a l  and two nymphal i n s t a r s  (protonym ph and 
deutonymph) p o s se s s e d  an a c t iv e  and in a c t iv e  (q u ie s c e n t)  s ta g e .  In  
th e  v a s t  m a jo r i ty  o f  am p u ta ted  sp ec im en s, th e  am p u ta tio n s  w ere l e t h a l .  
Only 7 o f  t h e  75 specim ens s u rv iv e d  am p u ta tio n s  and m o u lted . Of th e  
s u rv iv in g  specim ens:, s i x  w ere deutonymphs and one was a  protonym ph.
A ll  o f  th e  s u rv iv in g  specim ens r e c e iv e d  s in g le  lim b am p u ta tio n s  
o n ly  d u rin g  th e  a c t i v e  s ta g e  o f  th e  i n s t a r .  T hree o f  th e  s u r v iv ­
in g  specim ens d ie d  w i th in  a  few h o u rs  a f t e r  em erging from  t h e i r  
exuvium. Two o th e r  s u rv iv in g  specim ens were o b serv ed  d u r in g  th e  
f i n a l  p h ases  o f  m o u ltin g  and b o th  specim ens d is p la y e d  d i f f i c u l t y  
in  em erging from  t h e i r  e x u v ia e . N e ith e r  specim en ap p ea red  to  
have d i f f i c u l t y  i n  em erging  from  t h e i r  ex u v iae  u n t i l  th e  moment 
a r r iv e d  when th e y  a tte m p te d  t o  e x t r i c a t e  th e  p re v io u s ly  am puta ted  
lim b from  th e  c u t i c u l a r  h u l l .  In  one o f  th e  two sp ec im en s, th e
p re v io u s ly  am puta ted  lim b  was th e  l a s t  lim b t o  be w ithdraw n from
th e  e x u v ia l  lim b h u l l s .  P r io r  t o  th e  rem oval o f  th e  am puta ted
lim b from  i t s  c u t i c u l a r  h u l l ,  t h e  am putated  lim b ap p ea red  t o  be
s tu c k  to  th e  e x u v ia e . The m ite  p e r io d i c a l ly  je r k e d  on th e  le g  in  
what ap p ea red  t o  be an a tte m p t t o  e x t r i c a t e  i t  from  th e  exuvium . 
W ithdraw al o f  th e  am pu ta ted  lim b  o c c u rre d  f i v e  m in u tes  a f t e r  th e  
o th e r  lim bs had been  w ith d raw n . Upon i t s  em ergence from  th e  e x u v ia e , 
th e  specim en was p la c e d  i n  x y le n e  and mounted in  Perm ount.
The o th e r  specim en d is p la y in g  d i f f i c u l t y  in  w ith d raw in g  i t s
p re v io u s ly  am putated  lim b from  th e  ex u v iae  n ev e r d id  s u c c e s s f u l ly  
emerge from  i t s  ex u v iae . T w en ty -four h o u rs  a f t e r  t h e  em ergence o f  
th e  o th e r  le g s  from  th e  exuvium , th e  deutonymph was s t i l l  j e r k in g  
on th e  am puta ted  f o u r th  l e g  in  an a tte m p t t o  f r e e  i t s e l f .
In  th e  specim ens w hich d ie d  im m ed ia te ly  a f t e r  e x t r i c a t i n g  
th em se lv es  from  t h e i r  e x u v ia e , th e  am puta ted  lim b s w ere alw ays 
s tu c k  on th e  s u b s t r a t e .  A su b sta n c e  w hich a p p ea red  t o  be hemolymph 
ap p eared  around  th e  a re a  o f  t h e  am puta ted  lim b  and on th e  l e a f  
s u b s t r a t e .  The hysterosom as o f  th e  specim ens had c o l la p s e d  and 
i t  ap p eared  t h a t  d e a th  was due to  e x s a n g u in a tio n .
A ll  o f  th e  spec im ens, w hich su rv iv e d  th e  a m p u ta tio n  and m oulted
o r a t  l e a s t  a tte m p ted  to  m o u lt , w ere c le a re d  i n  x y le n e  and mounted 
in  Perm ount. None o f  th e  specim ens a p p ea red  t o  have any c u t i c l e  on 
th e  d i s t a l  p o r t io n  o f  th e  am puta ted  lim b . I t  i s  p o s s ib le  t h a t  d u rin g  
m o u ltin g , no c u t i c l e  i s  formed on th e  d i s t a l  p o r t io n  o f  th e  am puta ted  
lim b . I r r e g u l a r  c u t i c u l a r  fo rm a tio n s  o r  th e  la c k  o f  c u t i c l e  over 
th e  p o in t  o f  am p u ta tio n  p o s s ib ly  c o u ld  p re v e n t norm al w ith d raw a l 
o f  th e  am putated  lim b from  i t s  e x u v iae .
Upon a c tu a l  am p u ta tio n  o f  a lim b , v e ry  l i t t l e  n o t ic e a b le  b le e d ­
in g  o c c u r re d ; how ever, i t  i s  su sp e c te d  t h a t  t h e  l a c k  o f  c l o t  form a­
t i o n  over a  p ro lo n g ed  p e r io d  o f  tim e  (2k h o u rs )  r e s u l t e d  in  th e  
m i t e 's  d e s ic c a t io n  and e v e n tu a l d e a th . S e le c te d  am pu ta ted  specim ens 
w ere p la c e d  in  a  drop o f  w a te r  w i th in  th e  c a v i ty  o f  a  d e p re s s io n  
s l i d e  and th e  p re se n c e  o r  absence  o f  a  d e f in e d  c l o t  in  an am putated  
lim b was so u g h t. None o f  th e s e  specim ens d is p la y e d  any re c o g n iz ­
a b le  c l o t  e i t h e r  one hour a f t e r  am p u ta tio n  o r  tw e n ty - fo u r  h o u rs  
a f t e r  a m p u ta tio n . Specimens r e c e iv in g  l e t h a l  am p u ta tio n s  w ere
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u s u a l ly  dead w i th in  2k h ou rs  a f t e r  a m p u ta tio n s . The m a jo r i ty  o f  
specim ens r e c e iv in g  am p u ta tio n s  w ere a c t iv e  and su rv iv e d  u n t i l  th e  
day fo llo w in g  a m p u ta tio n . C o n tro l nonam putated specim ens m a in ta in e d  
tinder i d e n t i c a l  c u l tu r e  c o n d it io n s  d id  n o t d ie .  The few specim ens 
o f  Tj_ n e o ca le d o n icu s  s u rv iv in g  am p u ta tio n  p ro b a b ly  had some p h y s ic a l  
o b s t r u c t io n  ( s u b s t r a te  d e b r is  e t c . )  w hich p re v e n te d  w a te r  lo s s  and 
su b seq u en t d e s ic c a t io n .
No specim en o f  T. n e o ca leo d o n icu s  d is p la y e d  any r e g e n e r a t io n .
The few s u rv iv in g  m o u ltin g  specim ens d is p la y e d  some r e d u c t io n  o f  
number o f  le g  segm ents. The re d u c t io n  u s u a l ly  in v o lv ed  about two 
segm en ts . The te rm in a l  p o r t io n  o f  th e  f r e s h ly  am putated  lim b was 
u s u a l ly  uneven ( ra g g e d ) , and n ev e r developed  a  good c l o t  o r  c u t i c u l a r  
cap .
P u l l in g  on lim bs o f  T_;_ n eo ca leo d o n icu s  alw ays r e s u l t e d  in  
random seg m en ta l b re a k a g e . No autotom y p la n e  was e x h ib i te d .
A l l  im m ature s ta g e s  o f  T^ _ n e o ca leo d o n icu s  became q u ie sc e n t 
as  a p o ly s is  s t a r t e d .  A p o ly s is  l a s t s  from  one to  two d ay s . Immedi­
a t e l y  b e fo re  e c d y s is ,  th e  c u t i c l e  ap p ea red  d ry  and sem i-w h ite  in  
c o lo r .  The f u l l y  form ed le g s  had been  w ithdraw n from  th e  o ld  c u t i c l e  
and r e s t e d  i n  th e  v e n t r a l  e x u v ia l  sp a c e . The a c tu a l  s p l i t t i n g  o f  
th e  exuvium o c c u rre d  around  th e  g i r t h  o f  t h e  m ite  betw een th e  second 
and t h i r d  p a i r  o f  l e g s .  The s p l i t  ex ten d ed  co m p le te ly  around  th e  
m ite  r e s u l t i n g  in  two e x u v ia l  p o r t i o n s ,  an a n t e r i o r  and p o s t e r io r  
p o r t i o n .  The m ite  g e n e r a l ly  backs o u t o f  th e  a n te r io r  p o r t io n  
o f  th e  ex u v iae  and th e n  w alks o u t o f  th e  p o s t e r io r  p a r t . In  some 
sp ec im e n s , th e  e n t i r e  p ro c e ss  in v o lv in g  th e  s p l i t t i n g  o f  th e  c u t i c l e  
and em erging from  th e  ex u v iae  re q u ire d  as l i t t l e  as f iv e  m in u te s .
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B. P im e lia p h ilu s  p odapo lipophagus -  A pprox im ate ly  15 im m ature 
specim ens re c e iv e d  a m p u ta tio n s , b u t a l l  d ie d  p r i o r  t o  a p o ly s i s .  W ith­
i n  one day fo llo w in g  a m p u ta tio n s , th e  hy ste ro so m as o f  th e  m ite s  
c o lla p s e d  and d e a th  soon fo llo w e d .
C. P iona  sp . F iv e  im m ature s ta g e s  (nymphs) r e c e iv e d  a m p u ta tio n s . 
A ll  am putated  specim ens su rv iv e d  from  one to  th r e e  w eeks. At th e
end o f  th e  th r e e  weeks a l l  am putees p lu s  10 c o n to ls  were d ead . M oult­
in g  d id  no t o ccu r in  e i t h e r  th e  am putees o r  c o n t r o l s .  I t  i s  s u s p e c t­
ed t h a t  th e  c u l tu r in g  m ethod u t i l i z e d  was in a d e q u a te  f o r  P iona  sp . 
B o ttg e r  and Woodring (p e rs o n a l  com m unication , 1971) r e a re d  a  d i f f e r e n t  
s p e c ie s  o f  m i te ,  b u t w ere u n a b le  t o  g e t  am puta ted  specim ens to  m o u lt; 
nonam putated specim ens d id  m o u lt .
V. ASTIGMATA
R hizoglyphus ech inopus -  E lev en  im m ature specim ens o f  R^ e c h in o -  
pus r e c e iv e d  e i t h e r  s in g le  o r  m u l t ip l e  am p u ta tio n s  and w ere su c c e s s ­
f u l l y  c o l le c te d  a f t e r  m o u ltin g  o c c u r re d . T ab le  IV l i s t s  lim b  amputa­
t i o n s  perform ed  on R;_ e c h in o p u s . Specim ens o f  R^ ech inopus ap p eared  
t o  be t o l e r a n t  t o  lim b a m p u ta tio n s . Only two o f  th e  e lev e n  am putated  
specim ens d ie d  p r i o r  t o  m o u ltin g  and b o th  o f  th e s e  re c e iv e d  am puta­
t i o n s  on 2 l e g s .  A m putations w ere p e rfo rm ed  on a c t iv e  s ta g e s  o f  
l a r v a e ,  pro tonym phs, and tr i to n y m p h s . A deutonymph (hypopus) 
i n s t a r  som etim es o ccu rs  in  th e  l i f e  c y c le .  The maximum number o f  
am p u ta tio n s  perform ed on any one specim en was tw o ; am p u ta tio n s  
ex ceed in g  two i n  number w ere n o t a tte m p te d . An autotom y p la n e  
was n o t o b serv ed  in  e c h in o p u s .
Wo re g e n e ra t io n  was d is p la y e d  by R^ _ e c h in o p u s . Except f o r
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TABLE IV
Limb A m putations Perform ed On 
R hizog lyphus ech inopus
S tage S i t e  o f  Amputation^- S ubsequent 
M oults2
R e s u l ts 3
la r v a m id-fem ur (L2 & 3) 0 d ie d
la r v a m id-fem ur (R3) 3 d i s t o r t e d  fem ur
l a r v a t i b i a - t a r s u s  (L3) 3 d i s t o r t e d  coxae on 
le g s  -3 & M l )
l a r v a p ro x im a l o n e - th i r d  o f  
t a r s u s  (R3)
3 d i s t o r t e d  fem ur
la r v a m id-fem ur (L & R 3 ) 0 d ie d
protonym ph m id - ta r s u s  (L l) 1 d i s t o r t e d  fem ur
protonym ph m id - ta r s u s  ( R l) 1 m id - ta r s u s
tr i to n y m p h g e n u - t ib ia  (L2) 1 d i s t o r t e d  coxa
tri to n y m p h d i s t a l  o n e - th i r d  o f  
genu (L & R l )
1 d i s t o r t e d  t r o c h a n te r s
tr i to n y m p h t i b i a - t a r s u s  (LU) 1 d i s t o r t e d  coxae
tr i to n y m p h r i b i a - t a r s u s  (L3) 3 d i s t o r t e d  t r o c h a n te r
1
R and L r e f e r s  t o  r i g h t  o r  l e f t  l e g ;  1-U r e f e r s  to  le g  number. 
Example: fem ur-genu  (R l) means th e  r i g h t  le g  I  was c u t o f f  a t  
th e  fem ur-genu  j o i n t .
2
Number o f  m o u lts  p e rm it te d  a f t e r  am p u ta tio n  b e fo re  m ounting specim en .
3
The form  o f  t h e  m ost d i s t a l l y  rem a in in g  le g  segm ent o r  two i s  
l i s t e d ,  and a l l  p ro x im al segm ents t o  t h i s  a re  n o rm al; f o r  
exam ple, " o n e - th i r d  o f  t i b i a "  means o n ly  o n e - th i r d  o f  th e  
t i b i a  i s  p r e s e n t  and t h a t  coxa-fem ur a r e  norm al. D is to r te d  
means t h a t  segm ent i s  b o th  s h o r te r  and abnorm al in  form .
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one protonym ph, a l l  am putated  specim ens s u rv iv in g  am p u ta tio n  and 
m o u ltin g  d is p la y e d  a  c e r t a i n  r e d u c t io n  in  th e  number o f  seg m en ts .
The e x te n t  o f  r e d u c tio n  was v a r ie d .  In  th r e e  o f  th e  specim ens 
hav ing  o n ly  th e  t a r s u s  rem oved, th e  le g  o f  th e  n ex t i n s t a r  had o n ly  
a  d i s t o r t e d  coxa o r  t r o c h a n te r .  A l l  o f  th e  d i s t o r t e d  segm ents r e s u l t ­
in g  from  am p u ta tio n s  w ere s h o r te r  th a n  th e  c o rre sp o n d in g  norm al 
segm ents and were g e n e r a l ly  s tu m p -lik e  in  form . A llow ing  an am putated  
specim en to  undergo s u c c e s s iv e  m o u lts  d id  n o t r e s u l t  i n  f u r th e r  
grow th o f  th e  am puta ted  lim b .
In  one am pu ta ted  spec im en , a m p u ta tio n  o f  th e  t h i r d  l e f t  t a r s u s  
r e s u l t e d  in  th e  s u b s e q u e n t ia l  a d u l t  s ta g e  la c k in g  b o th  t h i r d  and 
fo u r th  l e f t  l e g s .  T h is a c c e sso ry  e f f e c t  m ight be a t t r i b u t e d  t o  an 
u n n o tic e d  a m p u ta tio n ; how ever, th e  a u th o r  f e e l s  t h a t  t h i s  i s  u n l ik e ly .  
F o llo w in g  a l l  a m p u ta tio n s , th e  s i t e  o f  am p u ta tio n  was n o te d  by p la c in g  
th e  m ite  in  a  w a t e r - f i l l e d  d e p re s s io n  s l i d e  and c a r e f u l ly  c h ec k in g , 
a t  UOOX, under a  b r i g h t f i e l d  m ic ro sco p e . Woodring (1970) n o ted  
s im i la r  a c c e s s o ry  e f f e c t s  in  p e rfo rm in g  am p u ta tio n s  on th e  c lo s e ly  
r e l a t e d  a s t ig m a t id  m ite ,  C alog lyphus b o h a r t i .
On th e  day fo llo w in g  am p u ta tio n  o f  a  lim b , th e  am putated  s p e c i ­
men was r e g u la r ly  p la c e d  in  a d e p re s s io n  s l i d e  and th e  p o s i t io n  o f  
th e  c lo t  o b se rv ed . The c l o t  p o s i t io n  d id  n o t ap p ea r to  govern  th e  
form  o f  t h e  le g  in  th e  n e x t i n s t a r .  The c l o t  u s u a l ly  ap p ea red  in  
th e  segm ent p ro x im al t o  th e  s i t e  o f  a m p u ta tio n ; how ever, in  m ost c a se s  
th e  same le g  in  th e  n ex t i n s t a r  showed 2 o r  more few er segm ents. I t  
i s  o f  i n t e r e s t  to  n o te  t h a t  in  th e  s in g le  specim en w hich d id  n o t show 
t h i s  r e d u c t io n  o f  seg m en ts , th e  c l o t  o c c u rre d  o n ly  on th e  d i s t a l  end 
o f  th e  am pu ta ted  segm ent. In  w orking w ith  C alog lyphus b o h a r t i ,
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W oodring (.1969) n o te d  t h a t  th e  p o s i t io n  o f  th e  c l o t  t h a t  form ed 
a f t e r  l e g  am p u ta tio n  governed  to  a la rg e  e x te n t  th e  form  o f  th e  
le g  in  th e  n ex t i n s t a r .  I t  i s  su sp e c ted  t h a t  th e  p lacem en t o f  R. 
ech inopus in  w a te r  m ounts to  check f o r  th e  p o s i t io n  o f  c l o t s  m ight 
have a f f e c t e d  th e  c l o t  p o s i t io n  and caused  th e  c l o t  t o  p ro g re s s  
f u r t h e r  up th e  l e g .
The im m ature s ta g e s  o f  R_;_ echinopus alw ays became q u ie s c e n t  
a t  th e  s t a r t  o f  a p o l y s i s . Each i n s t a r  th e n  had an a c t iv e  and i n ­
a c t iv e  s ta g e .  The q u ie s c e n t  ( in a c t iv e )  s ta g e  o f  a l l  im m ature in ­
s t a r s  l a s t s  a p p ro x im a te ly  one day. The m o u ltin g  p ro c e s s  ap p ea red  
s im i la r  t o  t h a t  o b se rv ed  in  C. b o h a r t i  by W oodring (1969)* At th e  
b e g in n in g  o f  th e  in a c t iv e  s ta g e  th e  s o f t  le g  t i s s u e  r a p id ly  d e d i f f e r ­
e n t i a t e d  a n d 'r e g re s s e d  in to  and formed a c o x a l lim b  b u d , w hich  th e n  
e lo n g a te d  and d i f f e r e n t i a t e d  i n to  a new lim b e x te n d in g  in to  th e  
v e n t r a l  e x u v ia l  sp a c e . At th e  p re s e n t  t im e , th e  A stig m a ta  i s  th e  
o n ly  group  o f  m ite s  known t o  p o s se ss  t h i s  ty p e  o f  a p o ly t ic  m echanism , 
a lth o u g h  th e  ix o d id  t i c k s  (d e s c r ib e d  e a r l i e r  in  t h i s  w ork) ap p ea r 
to  have a  v e ry  s im i la r  m echanism.
E cd y sis  began w ith  th e  l a t e r a l  s p l i t t i n g  o f  th e  c u t i c l e  a t  th e  
p o s t e r i o r  m ost end o f  th e  body a n t e r io r ly  t o  th e  l e v e l  o f  th e  f o u r th  
p a i r  o f  l e g s .  Body p re s s u re  appeared  to  p ro v id e  th e  n e c e s s a ry  p r e s s u r e  
to  s p l i t  th e  c u t i c l e .  The m ite  p ro tru d e d  i t s  h y ste ro so m a from  th e  
s p l i t  and e v e n tu a l ly  backed ou t o f  th e  e x u v ia e .
V I. CRYPTOSTIGMATA
A. S c h e lo r ib a te s  nudus -  T w en ty -five  a c t i v e  specim ens o f  S. 
nudus r e c e iv e d  lim b a m p u ta tio n s . A ll  o f  th e  im m ature s ta g e s  w ere
l+o
u t i l i z e d .  Both s in g le  and m u lt ip le  am p u ta tio n s  w ere pe rfo rm ed . The 
maximum number o f  s u c c e s s fu l  am p u ta tio n s  p erfo rm ed  on any one s p e c i ­
men was tw o . T ab le  V. l i s t s  lim b am p u ta tio n s  perfo rm ed  on S . n u d u s .
No r e g e n e r a t io n  was d is p la y e d  by S. n u d u s. Segm ental r e d u c t io n ,  
d i s t o r t i o n ,  o r  b o th  o c c u rre d  in  a l l  c a s e s .  The amount o f  seg m en ta l 
r e d u c t io n  was v a r ie d  and ap p eared  to  be in d ep en d en t o f  th e  s i t e  
o f  a m p u ta tio n . F o r exam ple, a m p u ta t io n s 'o f  o n ly  t a r s i  r e s u l t e d  in  
r e d u c t io n s  t o  th e  t i b i a  o f  some specim ens o r  to  genu , fem ur, and 
c o x a l a r e a s  in  th e  n ex t i n s t a r  o f  o th e r s .  Two o f  th e  trito n y m p h s  
d is p la y e d  a  d i s t o r t e d  segment im m ed ia te ly  p ro x im al to  th e  s i t e  o f  
am p u ta tio n  i n  th e  n e x t i n s t a r .  A l a r v a l  specim en re c e iv in g  a  mid­
fem ur a m p u ta tio n  d is p la y e d  th e  g r e a t e s t  segm en ta l r e d u c tio n  among 
th e  e n t i r e  group  o f  am puta ted  spec im ens; th e  c o rre sp o n d in g  a d u l t  
le g  was c o m p le te ly  m is s in g , even th e  ace tab u lu m  ( le g  s o c k e t) .
The m a jo r i ty  o f  d i s t o r t e d  segm ents o c c u r r r in g  in  th e  am puta ted  
specim ens w ere g e n e r a l ly  in  th e  same s i z e  ran g e  a s  t h a t  o c c u r r in g  
in  a  norm al c o rre sp o n d in g  segm ent. The d i s t o r t e d  segm ents w ere 
o f te n  f l a s k  shaped  w ith  a  lo n g  te r m in a l  s e t a  a t  i t s  d i s t a l  end.
The d i s t o r t e d  segm ents w ere n ev er w rin k le d  and th e  c u t i c l e  was 
no rm al. Specim ens r e c e iv in g  doub le  am p u ta tio n s  d id  n o t d is p la y  any 
g r e a t e r  seg m en ta l r e d u c t io n  o r  d i s t o r t i o n  th a n  many specim ens 
r e c e iv in g  s in g le  a m p u ta tio n s . An au to tom y p la n e  was n o t n o te d . 
P u l l in g  on lim b s  n ev e r r e s u l t e d  in  b re a k ag e  a t  a  s p e c i f ic  p o in t .
The p o in t  o f  b reak ag e  was random.
F o llo w in g  a m p u ta tio n s , an a tte m p t was alw ays made to  d e te rm in e  
th e  p o s i t i o n  o f  th e  c l o t .  In  many specim ens th e  p o s i t io n  o f  th e  
c lo t  was d i f f i c u l t  t o  d e te rm in e  b ecau se  th e  c u t i c l e  was l i g h t  brown
1+1
TABLE V
Limb A m putations Perform ed on 
S c h e lo r ib a te s  nudus
S tage S i t e  o f  Amputation-'- Subsequent 
M oults2
R e s u lts 3
la r v a
la r v a
la r v a
protonym ph
protonym ph
protonym ph
deutonymph
deutonymph
deutonymph
deutonymph
deutonymph
trito n y m p h
trito n y m p h
trito n y m p h
trito n y m p h
trito n y m p h
trito n y m p h
trito n y m p h
tritonym ph .
tr ito n y m p h
tr i t io n y m p h
tr ito n y m p h
m id-genu (R 3) 0
fem ur-genu (Ll+) 1+
m id-fem ur (R3) 1+
tro c h a n te r - f e m u r  (L l)  3
c o x a - tro c h a n te r  (L2) 
fem ur-genu  (L3) 3
m id - t ib ia  (R l)  3
m id-genu (L l)  0
fem ur-genu  (L2) 2
t i b i a - t a r s u s  (L l)  0
p ro x im al o n e - th i r d  2
o f  fem ur (L2) 
t i b i a - t a r s u s  (R 2) 2
t i b i a - t a r s u s  (L l)  0
m id - t ib ia  (R3) 
fem ur-genu  (LU)
t i b i a - t a r s u s  (R3) 1
g e n u - t ib ia  (Ll+)
m id-fem ur (Rl+) 1
m id-fem ur (RU) 1
fem ur-genu  (R3) 1
t ro c h a n te r - f e m u r  (Rl|) 
t a r s u s  (L 2 & 3 ) 1
fem ur-genu ( R l) 1
g e n u - t ib ia  (R2)
p ro x im al o n e - th i r d  1
o f  t a r s u s  ( R l ) 
t i b i a - t a r s u s  (L l)  . 1
g e n u - t ib ia  (L l)  1
p ro x im al o n e - th i r d  o f  0
fem ur (R l)
t ro c h a n te r - f e m u r  (L l)  
p ro x im al o n e - th i r d  o f  
fem ur (L2)
d ie d
co x a l c a v i ty  
no p r o t io n  o f  le g  
co x a l c a v i ty  
c o x a l c a v i ty  
c o x a l c a v i ty  
c o x a l c a v i ty  
d ie d
c o x a l c a v i ty  
d ie d
c o x a l c a v i ty
d i s t o r t e d  femur 
d ie d
c o x a l c a v i ty
t r o c h a n te r  
c o x a l c a v i ty  
d i s t o r t e d  femur 
d i s t o r t e d  t r o c h a n te r  
d i s t o r t e d  fem ur; L2 
d i s t o r t e d  to r c h a n te r ;  
L3
d i s t o r t e d  femur 
• d i s t o r t e d  femur 
d i s t o r t e d  genu
d i s t o r t e d  femur 
d is to r te d "  femur & 
genu 
d ie d
h2
TABLE V (c o n tin u e d )
S tage S i t e  o f  A m putation '1' S ubsequent 
M o u lts2
R e s u lts ^
tr i to n y m p h m id-genu (R l) 1 c o x a l c a v i ty
tr i to n y m p h m id-fem ur (R3) 1 c o x a l c a v i ty
m id - t ib ia  (RU)
trito n y m p h t i b i a - t a r s u s  (LU) 1 d i s t o r t e d  t i b i a
1
R and L r e f e r s  t o  r i g h t  o r  l e f t  l e g ;  1-lf- r e f e r s  t o  le g  number. 
Example: fem ur-genu (R l) means th e  r i g h t  le g  I  was c u t o f f  a t  
t h e  fem ur-genu  j o i n t .
2
Number o f  m o u lts  p e rm it te d  a f t e r  a m p u ta tio n  b e fo re  m ounting specim en .
3
The form  o f  th e  m ost d i s t a l l y  re m a in in g  l e g  segm ent o r  two i s  l i s t e d ,  
and a l l  p ro x im al segm ents to  t h i s  a r e  n o rm a l; f o r  exam ple, " o n e - th i r d  
o f  t i b i a "  means o n ly  o n e - th i r d  o f  th e  t i b i a  i s  p r e s e n t  and t h a t  coxa- 
fem ur a re  norm al. D is to r te d  means t h a t  segm ent i s  b o th  s h o r te r  and 
abnorm al in  form .
1+3
i n  c o lo r  and i s  n e a r  th e  same c o lo r  as t h a t  o f  th e  c l o t .  The c l o t  
was a l s o  o f te n  d i f f u s e d  th ro u g h o u t one o r  more segm ents and was n o t 
l o c a l i z e d .  A re c o g n iz a b le  c l o t  was ap p a ren t in  o n ly  fo u r  sp ec im en s, 
one o f  w hich d ie d  p r i o r  t o  m o u ltin g . In  a l l  fo u r  sp ec im e n s , th e  
p o s i t io n  o f  t h e  c l o t  was e i t h e r  in  th e  am putated  segm ent o r  i n  th e  
segm ent im m ed ia te ly  p ro x im al t o  th e  am putated  one . In  no specim en 
d id  th e  p o s i t io n  o f  th e  c l o t  d e te rm in e  th e  ap p ea ran ce  o f  th e  l e g  in  
th e  fo llo w in g  i n s t a r .  R ed u c tio n  o f  th e  lim b in  th e  n e x t i n s t a r  
alw ays ex ten d ed  f u r th e r  p ro x im a lly  th a n  th e  p o s i t io n  o f  th e  c l o t .
F or exam ple, a  protonym ph re c e iv e d  a  m id - t ib ia  a m p u ta tio n  and sub­
s e q u e n tly  d is p la y e d  a  c l o t  in  th e  m id-genu re g io n ;  how ever, th e  
lim b  was red u ced  t o  th e  c o x a l c a v i ty  in  th e  n e x t i n s t a r .  The p la c e ­
ment o f  th e  am puta ted  specim ens in  w a te r  mounts f o r  o b s e rv a tio n  
p u rp o se s  may have damaged th e  c lo t  and cau sed  th e  c l o t  t o  in c r e a s e  
in  s i z e .  In  th e  two specim ens w hich re c e iv e d  am p u ta tio n s  on th r e e  
le g s  and su b se q u e n tly  d ie d ,  no c l o t s  were e v id e n t i n  any o f  th e  
am puta ted  lim b s ; how ever, a  foamy m a te r ia l  o c c u rre d  a t  th e  s i t e  o f  
a m p u ta tio n .
The im m ature s ta g e s  o f  S_;_ nudus p o sse sse d  b o th  an a c t iv e  and 
in a c t iv e  s ta g e .  The s t a r t  o f  th e  in a c t iv e  s ta g e  o f  a n -  i n s t a r  was 
th e  b eg in n in g  o f  a p o ly s i s .  The q u ie sc e n t s ta g e  o f  m ost im m ature 
i n s t a r s  l a s t e d  a p p ro x im a te ly  two t o  th r e e  d ay s . A m putation o f  
a  specim en p r i o r  to  q u ie sc e n t s ta g e  d id  n o t ap p ea r to  le n g th e n  th e  
q u ie s c e n t  p e r io d .  D uring th e  a p o ly t ic  p ro c e ss  th e  le g  ep id e rm is  
s e p a ra te d  from  th e  o ld  c u t i c l e  and a  new c u t i c l e  was s e c r e te d  w ith  
th e  o ld  le g  h u l l .  P r io r  t o  a c tu a l  e c d y s is ,  t h e  f u l l y  form ed lim bs 
w ere w ithdraw n from  th e  o ld  le g  h u l l  and were ex ten d ed  i n to  th e
kk
v e n t r a l  e x u v ia l  sp a c e . The le g s  rem ained  in  t h i s  p o s i t io n  u n t i l  
e c d y s is .  The o ld  c u t i c l e  s p l i t  on what would he th e  n o to g a s t r a l  
membrane from  th e  p o s t e r i o r  most end o f  th e  body a n t e r i o r l y  t o  th e  
l e v e l  o f  t h e  f o u r th  p a i r  o f  l e g s .  Body p re s s u re  ap p ea red  t o  p ro v id e  
th e  n e c e s s a ry  p re s s u re  t o  s p l i t  th e  c u t i c l e .  A f te r  s p l i t t i n g  o f  th e  
o ld  c u t i c l e  o c c u r s , t h e  h y sterosom a p a r t i a l l y  p ro tru d e d  from  th e  
s p l i t  and rem ained  in  t h a t  p o s i t io n  f o r  a number o f  h o u rs  u n t i l  th e  
le g s  and m o u th p a rts  became s u f f i c i e n t l y  s c l e r o t i z e d .  When th e  le g s  
had h a rd e n ed , th e y  w ere u sed  t o  e x t r a c t  th e  in d iv id u a l  from  th e  o ld  
c u t i c l e .
B. Damaeus s p . -  Ten specim ens o f  an undeterm ined  Damaeus s p e c ie s  
r e c e iv e d  lim b  a m p u ta tio n s . T ab le  VI l i s t s  lim b am p u ta tio n s  p e rfo rm ed  
on Damaeus s p . An auto tom y p la n e  was no t n o ted  in  specim ens o f  
Damaeus sp . The to le r a n c e  o f  t h i s  s p e c ie s  to  lim b am p u ta tio n s  
a p p ea red  low ; fo u r  o f  th e  t e n  specim ens d ied  p r i o r  t o  m o u ltin g . 
B leed in g  was m in im al a f t e r  th e  c u t t in g  o f f  o f  a  lim b .
As w ith  S c h e lo r ib a te s  n u d u s , Damaeus sp . d id  n o t d is p la y  
any r e g e n e r a t io n  o f  l im b s , and segm en ta l r e d u c tio n  and d i s t o r t i o n  
w ere common. A ll  o f  th e  d i s t o r t e d  segm ents were l e s s  th a n  h a l f  
o f  t h e i r  o r i g i n a l  s i z e ,  p o s se sse d  norm al c u t i c l e ,  and la c k e d  e x t r a  
o r  abnorm al s e t a e .
As w ith  S c h e lo r ib a te s  n u d u s , th e  p o s i t io n  o f  th e  c lo t  d id  n o t 
ap p ea r t o  govern  th e  ap p ea ran ce  o f  th e  lim b in  th e  n e x t i n s t a r .
A number o f  specim ens d is p la y e d  w e ll-d e f in e d  c l o t s  and th e  lim b s 
in  th e  n ex t i n s t a r  had r e g re s s e d  p a s t  th e  c lo t  s i t e .
The m o u ltin g  p ro c e ss  o f  Damaeus sp . was s im i la r  t o  t h a t  d e s ­
c r ib e d  f o r  S c h e lo r ib a te s  nudus. P r io r  to  th e  a c tu a l  e c d y s i s ,  t h e
TABLE VI
Limb A m putations Perform ed on 
Damaeus s p .
S tage S i t e  o f  A m putation '1' Subsequent
M oults2
R e s u l t s 3
la r v a m id-genu  (R3) 0 l o s t
la r v a m id - t ro c h a n te r  (R2) 1 d i s t o r t e d t r o c h a n te r
protonym ph p ro x im a l o n e - f i f t h  
o f  fem ur (R3)
1 t r o c h a n te r
protonym ph t i b i a - t a r s u s  (L3) 0 d ied
deutonymph t i b i a - t a r s u s  (L2) 2 d i s t o r t e d genu
deutonymph t i b i a - t a r s u s  (R3) 0 l o s t
deutonymph m id - t i b i a  (R l) 1 d i s t o r t e d t r o c h a n te r
tr ito n y m p h t i b i a - t a r s u s  (L l)  
t i b i a - t a r s u s  (L2)
1 d i s t o r t e d
coxa
t r o c h a n te r
tr i to n y m p h g e n u - t ib i a  (L2) 1 coxa
tri to n y m p h m id-fem ur (L2) 0 d ied
1
R and L r e f e r s  t o  r i g h t  or. l e f t  l e g ;  1-H r e f e r s  t o  le g  num ber. 
Example: fem ur-genu  (R l) means th e  r i g h t  le g  I  was cu t o f f  a t  
t h e  fem ur-genu  j o i n t .
2
Number o f  m o u lts  p e rm it te d  a f t e r  am p u ta tio n  b e fo re  m ounting specim en.
3
The form  o f  th e  m ost d i s t a l l y  rem a in in g  le g  segm ent o r  two i s  l i s t e d ,  
and a l l  p ro x im a l segm ents t o  t h i s  a r e  n o rm al; f o r  exam ple, " o n e - th ird  
o f  t i b i a "  means o n ly  o n e - th i r d  o f  th e  t i b i a  i s  p re s e n t  and t h a t  coxa- 
fem ur a r e  n o rm al. D is to r te d  means t h a t  segm ent i s  b o th  s h o r te r  and 
abnorm al i n  form .
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new lim bs were w ithdraw n from  th e  o ld  lim b  h u l l  and ex ten d ed  in to  
th e  v e n t r a l  e x u v ia l  sp ac e . T h is  i s  re m a rk a b le , b ecau se  t h i s  
s p e c ie s  i s  c h a r a c te r iz e d  by v e ry  lo n g  t h i n  l e g s .
CONCLUSIONS
Some r e p r e s e n ta t iv e s  o f  th e  s u b c la s s  A c a ri d e f i n i t e l y  d is p la y e d  
th e  a b i l i t y  t o  r e g e n e ra te  l o s t  appendages; how ever, t h i s  r e g e n e r a t iv e  
c a p a c i ty  d id  n o t o ccu r th ro u g h o u t th e  v a r io u s  a c a r in e  su b o rd e rs . 
W ith in  th e  A c a r i ,  th e r e  was tre m e n d o u s-v a r ia n c e  o f  r e g e n e r a t iv e  
c a p a c i ty ,  w hich ran g ed  from  th e  a b i l i t y  t o  r e g e n e r a te  p e r f e c t  and 
com plete  appendages in  a  s in g le  m oult t o  th e  ab sen ce  o f  a r e g e n e r ­
a t i v e  c a p a c i ty  w ith  c o n c u rre n t segm en ta l r e d u c t io n  o f  even d e a th  
fo llo w in g  th e  lo s s  o f  an appendage. W hile a  d e f i n i t e  v a r ia n c e  o f  
r e g e n e r a t iv e  c a p a c ity  e x is te d  w i th in  th e  A c a r i ,  t h e  r e s u l t s  o f  
t h i s  tu d y  te n d  t o  in d ic a te  t h a t  specim ens w i th in  th e  same s u b o rd in a l 
group (T able  I )  d is p la y e d  pronounced s i m i l a r i t i e s  in  r e g e n e r a t iv e  
c a p a c i t i e s .  The g r e a t e s t  amount o f  r e g e n e r a t iv e  v a r ia n c e  w i th in  an 
su b o rd e r o c c u r re d  in  th e  M esostigm ata .
The o n ly  group w hich d em o n stra ted  th e  a b i l i t y  t o  r e g e n e ra te  
c o m p le te ly  norm al appendages was th e  M e ta s tig m a ta . The m o r ta l i ty  
r a t e  o f  Aj_ am ericanum  fo llo w in g  am p u ta tio n s  was v e ry  low . Feed­
in g  and l i f e  c y c le  tim e s  d id  n o t ap p ea r t o  b e  a p p re c ia b ly  a f f e c te d  
by a m p u ta tio n s . Up t o  b le g s  w ere am puta ted  a t  t h e  c o x a - tro c h a n te r  
on v a r io u s  nymphs, and a l l  su rv iv e d  am p u ta tio n s  and r e g e n e ra te d  
com plete  appendages i n  one m o u lt. To my know ledge, no i n s e c t ,  
s p id e r ,  o r  any o th e r  a r th ro p o d  has been  r e p o r te d  t o  d is p la y  a 
r e g e n e r a t iv e  c a p a c i ty  w hich e q u a ls  t h a t  o f  Amblyomma am ericanum .
In  th e  m a jo r i ty  o f  a r th ro p o d s  w hich d is p la y  r e g e n e r a t io n  o f  lim b s , 
com plete  rem oval o f  a  lim b u s u a l ly  n e c e s s i t a t e s  s e v e r a l  su c c e ss iv e  
m o u lts  to  g e t  com plete r e g e n e ra t io n  o f  a  norm al s iz e d  l e g .
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The a r g a s id  t i c k  (A rgas r a d i a t u s ) d is p la y e d  a  g r e a t  amount o f  
r e g e n e r a t iv e  c a p a c i ty ,  how ever, i t  was l e s s  th a n  t h a t  e x h ib i te d  by 
A. am ericanum . A rgas r a d ia tu s  c o n s i s t e n t ly  re g e n e ra te d  ap p en d a g e s ; 
how ever, fo llo w in g  th e  f i r s t  m o u lt, th e  r e g e n e ra te d  appendage was 
norm al in  form  b u t was o n ly  abou t 75$ o f  i t s  norm al le n g th .  For 
some u n e x p la in e d  r e a s o n , th e  s i t e  o f  am p u ta tio n  d id  n o t a p p re c ia b ly  
a f f e c t  th e  s iz e  o f  th e  r e g e n e r a te .  A rgas r a d ia tu s  r e q u ir e d  a t  
l e a s t  two m o u lts  t o  r e g e n e ra te  a  co m p le te ly  norm al appendage.
The M esostigm ata  was th e  o n ly  o th e r  group to  d is p la y  any 
r e g e n e r a t iv e  c a p a c i ty  a t  a l l ,  and th e  r e g e n e r a t iv e  c a p a c i t i e s  d i s ­
p la y e d  w ere v e ry  l im i t e d .  M acrocheles m uscaedom esticae  d id  n o t 
d i s p la y  any r e g e n e r a t iv e  c a p a c i ty ,  b u t th e  s i t e  o f  am p u ta tio n  
was u s u a l l y  th e  d e f i n i t i v e  end o f  th e  new appendage a f t e r  m o u ltin g . 
F uscu ropoda  a g i ta n s  d is p la y e d  a  l im i te d  amount o f  r e g e n e r a t io n .  In  
some sp ec im e n s , d i s t o r t e d  grow ths ap p ea red  beyond th e  s i t e  o f  
a m p u ta tio n  a f t e r  m o u ltin g . The maximum amount o f  r e g e n e r a t io n  
d is p la y e d  was two d i s t o r t e d  segm ents beyond th e  s i t e  o f  am p u ta tio n .
The m a jo r i ty  o f  am puta ted  specim ens o f  I\_ a g i ta n s  d is p la y e d  d i s ­
t o r t i o n  on e i t h e r  th e  am puta ted  segment o r  th e  segment im m ed ia te ly  
p ro x im a l t o  th e  am puta ted  segm ent.
In  th e  A stig m a ta  a  g re a t  amount o f  segm en ta l r e d u c t io n  fo llo w e d  
a m p u ta tio n . A few specim ens in  b o th  g roups d is p la y e d  no re d u c t io n  
and  th e  ap p ea ran ce  o f  th e  lim b  in  th e  su b seq u en t i n s t a r  c o rre sp o n d e d  
t o  th e  s i t e  o f  a m p u ta tio n . A llow ing  a  specim en to  undergo s e v e r a l  
s u c c e s s iv e  m o u lts  d id  n o t ap p ea r t o  enhance th e  r e g e n e r a t iv e  c a p a c i ty .  
W oodring C1969 ) n o te d  t h a t  th e  a s t ig m a tid  m i t e , C aloglyphus b o h a r t i , 
d is p la y e d  some v e ry  l im i t e d  r e g e n e ra t io n  i n  a  v e ry  sm a ll p e rc e n ta g e
o f  am putees. In  s e v e r a l  in s ta n c e s  o f  in te r s e g m e n ta l  am p u ta tio n s  
o f  a  segm ent th e  te r m in a l  h a l f  o f  th e  segm ent was re g e n e ra te d  whole 
and no rm al. Woodring (19&9) f u r t h e r  n o te d  t h a t  a  h ig h  p e rc e n ta g e  
(33%) o f  a d u l t  le g s  d is p la y e d  o n e , tw o , o r  even  th r e e  segm ents 
few er th a n  rem ained  on th e  am p u ta ted  nymphal le g  stum p. In  no 
in s ta n c e s  was an e n t i r e  segm ent r e g e n e ra te d .  From W oodring 's  (1969 ) 
o b s e rv a tio n s  on C alog lyphus b o h a r t i  and my o b s e rv a tio n s  on R hizohlyphus 
e c h in o p u s , i t  ap p ea rs  t h a t  lim b  r e g e n e r a t io n  in  th e  A stig m a ta  i s  
e s s e n t i a l l y  n o n e x is ta n t .
Both c ry p to s t ig m a tid  m ite s ,  S c h e lo r ib a te  nudus and Damaeus s p . , 
d is p la y e d  v e ry  s im i la r  r e g e n e r a t iv e  c a p a c i t i e s .  .Segm ental r e d u c t io n ,  
d i s t o r t i o n ,  o r  b o th  o c c u rre d  in  th e  two s p e c ie s .  Segm ental re d u c tio n  
was o f te n  e x te n s iv e  and would som etim es r e s u l t  in  th e  com plete  
ab sen ce  o f  a  le g  fo llo w in g  m o u ltin g .
Of a l l  th e  s p e c ie s  o f  a c a r in e s  in  th e  v a r io u s  o rd e rs  r e c e iv in g  
a m p u ta t io n s , th e  p r o s t ig m a t id  s p e c ie s  a p p ea re d  to  be th e  l e a s t  t o ­
l e r a n t  to  a m p u ta tio n s . Less th a n  10$ o f  t h e  am putated  specim ens o f  
T e tran y ch u s  n e o ca le d o n icu s  s u rv iv e d  a m p u ta tio n s . A ll  o f  th e  s u rv iv ­
in g  specim ens had re c e iv e d  o n ly  s in g le  am p u ta tio n s  and th r e e  o f  th e  
f iv e  s u rv iv in g  specim ens d ie d  w i th in  a  few h o u rs  a f t e r  em erging 
from  th e  exuvium. A l l  d is p la y e d  some seg m en ta l r e d u c t io n .
T e tran y ch u s  n e o ca le d o n icu s  d id  n o t ap p ea r t o  form d e f in e d  c l o t s  as 
d id  o th e r  m ite s  fo llo w in g  a m p u ta tio n .
An in a c t iv e  s ta g e  p re c e d in g  e c d y s is  was la c k in g  i n  a l l  i n s t a r s  
o f  M acrocheles m u scaed b m esticae , Fuscuropoda a g i t a n s , and A rgas 
r a d i a t u s . In  th e s e  t h r e e  s p e c ie s ,  t h e  le g  ep id erm is  s e p a ra te d  
from  th e  o ld  c u t i c l e  and a  new c u t i c l e  co m p le te  w ith  s e ta e  and claw s
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was s e c r e te d  w i th in  th e  o ld  c u t i c u l a r  c o v e r in g . D uring  t h i s  
p r o c e s s ,  th e  an im al was a c t iv e  and r e ta in e d  i t s  m o b i l i ty  up t o  th e  
moment o f  e c d y s is .
R h izog lyphus ech inopus and Amblyomma am ericanum  b o th  had a 
r e l a t i v e l y  lo n g  in a c t iv e  s ta g e  in  each  i n s t a r  p r i o r  t o  e c d y s is .
At th e  b e g in n in g  o f  th e  in a c t iv e  s ta g e  o f  b o th  s p e c ie s ,  th e  le g  
t i s s u e  d e d i f f e r e n t i a t e d  and re g re s s e d  to w ard  th e  c o x a l lim b h u l l .  
E lo n g a tio n  and d i f f e r e n t i a t i o n  o f  th e  r e g re s s e d  lim b  r e s u l t e d  in  
th e  lim b o f  th e  n ex t i n s t a r  grow ing in to  th e  v e n t r a l  e x u v ia l  sp ac e . 
The r e g r e s s in g  le g  t i s s u e  in  t i c k s  d id  n o t ap p ea r t o  d e d i f f e r e n t i a t e  
a s  e x te n s iv e ly  a s  th e  r e g r e s s in g  le g  t i s s u e  o f  th e  a s t ig m a t id s .
S c h e lo r ib a te s  n u d u s , Damaeus sp . and T e tran y ch u s  n eo ca le d o n icu s  
a l s o  had an in a c t iv e  s ta g e  in  th e  l a t t e r  p a r t  o f  each  i n s t a r .  In  
th e s e  th e  e p id e rm is  s e p a ra te d  from  th e  c u t i c l e  and s e c r e t io n  o f  
new c u t i c l e  (com plete  w ith  s e ta e  and c law s) o c c u r re d  w ith in  th e  
o ld  le g  h u l l .  B efo re  e c d y s is ,  th e  lim bs w ere w ithdraw n from  th e  
o ld  le g  c u t i c l e  and su b se q u e n tly  came to  l i e  w i th in  th e  v e n t r a l  
e x u v ia l  sp a c e . T h is  was p a r t i c u l a r l y  s t r i k i n g  i n  th e  undeterm ined  
s p e c ie s  o f  Damaeus s p . , w hich had le g s  a p p ro x im a te ly  th r e e  tim e s  as 
lo n g  as  th e  body. Only th e  f a c t  t h a t  th e  c u t i c l e  o f  th e  new lim b 
was n o t y e t  s c l e r o t i z e d  made t h i s  a c t  o f  c o n to r t io n  p o s s ib le .
The c l o t t i n g  and wound h e a l in g  c a p a b i l i t i e s  o f  th e  am puta ted  
sepcim ens w i th in  th e  f iv e  su b o rd e rs  w ere v a r ie d .  In  th e  ix o d id s ,  
m e s o s t ig s ,  a s i t g s ,  and c r y p to s t i g s ,  a  d i s t i n c t  c l o t  was form ed in  
m ost c a s e s .  In  th e  M eta s tig m a ta  ( ix o d id a e )  and M esostigm ata  th e  
r e s u l t a n t  c l o t  fo llo w in g  am p u ta tio n  was u s u a l ly  lo c a l i z e d  a t  th e  
p o in t  o f  a m p u ta tio n . R hizog lyphus ech inopus and Damaeus sp .
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commonly d is p la y e d  re c o g n iz a b le  c l o t s  on one o r two segm ents p ro x im a l 
to  th e  s i t e  o f  a m p u ta tio n . S c h e lo r ib a te s  nudus d id  n o t u s u a l ly  
form  lo c a l i z e d  c l o t s ,  b u t r a t h e r  form ed d if fu s e d  c lo t s  i n  one o r 
more p ro x im a l segm ents.
In  th e  P ro s tig m a ta  and in  th e  M etas tig m a ta  (A rg as id ae ) a  f i rm  
and d i s t i n c t  c l o t  was n o t form ed o r  o n ly  slow ly  form ed. In  th e  
a r g a s id  (A rgas r a d i a t u s ) , a  weak c l o t  was form ed a t  f i r s t  and a 
f irm  c l o t  form ed o n ly  a f t e r  10-15 m in u te s . The P ro s tig m a ta  d id  
n o t ap p ea r t o  e v e r form  a  c l o t .  The v a s t  m a jo r i ty  o f  p r o s t ig s  
dev e lo p ed  a  sunken hy stero so m a and w ere dead w ith in  2b h ou rs  a f t e r  
am p u ta tio n .
In  g e n e r a l ,  th e  a c a r in e  c l o t t i n g  p ro c e ss  in v o lv e d  th e  th ic k e n ­
in g  o f  t h e  hemolymph. Through an u n d e term in ed  c o a g u la t io n  p r o c e s s ,  
a  c l o t  was form ed. A new c u t i c l e  was n ev er formed o v e r th e  wound 
u n t i l  a p o l y s i s . T h is  means t h a t  ep id e rm a l c e l l s  e v e n tu a l ly  g o t 
in to  o r  co v ered  th e  c lo t  a t  a p o ly s i s . Only in  th e  P ro s tig m a ta  
group was a  d i s t i n c t  c lo t  n e v e r  form ed.
DISCUSSION
In  a l l  o f  th e  s p e c ie s  o f  a c a r in e s  r e c e iv in g  a m p u ta tio n s , th e  
s i t e  o f  am pu ta tion  was v a r ie d .  The s i t e  o f  am p u ta tio n  d id  n o t 
a p p re c ia b ly  a f f e c t  th e  amount o f  r e g e n e r a t io n  e x h ib i te d  in  any o f  
th e  a c a r in e  specim ens. E x c lu d in g  a m p u ta tio n s  o f  q u ie sc e n t s ta g e s  
in  th e  p ro c e ss  o f  m o u ltin g , th e  tim e  o f  a m p u ta tio n s  ( e a r ly  and 
l a t e  s ta g e  o f  i n s t a r )  a l s o  d id  n o t ap p ea r t o  e f f e c t  th e  amount o f  
r e g e n e ra t io n  d is p la y e d . A m putation on q u ie s c e n t  s ta g e s  w ere f a t a l .  
A m putation o f  an a c a r in e  lim b  d u r in g  a p o ly s i s  p ro b a b ly  r e s u l t e d  in  
th e  g e n e ra l  o b s t r u c t io n  o f  th e  a p o ly t ic  m echanism s.
In  many a r th ro p o d s ,  th e  p re se n c e  o f  an  autotom y p la n e  i s  in d ic a ­
t i v e  o f  a  c e r t a in  amount o f  r e g e n e r a t iv e  c a p a c i ty .  The p re se n c e  o f  
an autotom y p la n e  i s  known t o  e x i s t  in  c e r t a i n  i n s e c t s ,  c r u s ta c e a n s ,  
and a ra c h n id s . None, o f  th e  a c a r in e  s p e c ie s  in v o lv e d  in  t h i s  s tu d y  
d is p la y e d  th e  p re se n c e  o f  an au to tom y p la n e .  P u l l in g  on a  lim b of" 
any o f  th e  t e s t  a c a r in e  s p e c ie s  n ev e r r e s u l t e d  in  b read ag e  a t  a  
s p e c i f i c  p o in t ;  th e  b reak ag e  was alw ays random.
Nuesch (1968) s t a t e s  t h a t  in  V e r te b r a ta ,  T u r b e l l a r i a ,  and 
A n n e lid a ; many a u th o rs  have d em o n sta rted  t h a t  th e  r e g e n e r a t io n  o f  
l o s t  body p a r t s  depends on n e rv e  su p p ly . The p ro c e ss  o f  r e g e n e ra t io n  
in  in s e c t s  has been  s tu d ie d  many tim e s  by many a u th o r s ;  how ever, th e  
r o l e  o f  n e rv es  on r e g e n e ra t io n  i s  s t i l l  open to  q u e s t io n .  Nuesch 
(1968) s t a t e s  t h a t  among in s e c t s  th e  b e g in n in g  o f  r e g e n e ra t io n  
seems to  be indep en d en t o f  th e  ne rv o u s sy stem . B o d en ste in  (1955) 
n o te d  t h a t  in  th e  ro a c h  P e r ip la r ie ta  am erican a  th e  stum ps o f  th e  
v e n t r a l  n e rv e  co rd  grew  so r a p id ly  t h a t  i t  was im p o ss ib le  t o  o b ta in
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r e g e n e ra te d  le g s  w ith o u t n e rv e s . The m a jo r i ty  o f  a c a r in e  specim ens 
s u b je c te d  t o  am p u ta tio n s  d is p la y e d  movement in  th e  am puta ted  le g s  
fo llo w in g  am p u ta tio n . T h is would ap p ea r t o  be in d ic a t iv e  o f  a  n e rv e  
su p p ly  s t i l l  b e in g  p re s e n t  in  a t  l e a s t  th e  p ro x im al re g io n s  o f  th e  
am p u ta ted  lim b s . Those n o t d is p la y in g  movement in  th e  am puta ted  
lim b  m igh t be assumed d e n e rv a te d , b u t no a p p re c ia b le  d i f f e r e n c e  o f  
r e g e n e r a t iv e  c a p a c i ty  was n o te d  i n  th e  m ob ile  o r  non-m obile  lim b s .
The r o le  o f  hormones i n  a c a r in e  i s  s p e c u la t iv e  a t  th e  p re s e n t  
t im e . W oodring (196 9 ) s t a t e s  t h a t  no g lan d  an a logous t o  th e  c ru s ­
ta c e a n  Y -organ o r  th e  in s e c t  p ro th o r a c ic  g la n d  has y e t  been  i d e n t i ­
f i e d  in  m i te s .  Hughes (196*0 s t a t e s  t h a t  d u rin g  nymphal a p o ly s is  
n e u ro s e c re to ry  g ra n u le s  d is a p p e a r  from  c e r t a i n  c e l l s  in  th e  s u p ra -  
o e so p h ag ea l g a n g lio n  o f  th e  a s t ig m a t id  m ite ,  A carus s i r o .
In  d e a l in g  w ith  a c a r in e  r e g e n e r a t io n ,  th e  p r o b a b i l i t y  e x i s t s  
t h a t  th e  p re se n c e  o r  a b sen se  o f  p o s t  l a r v a l  m ito se s  m igh t in d e p e n d e n t­
l y  o r  d e p e n d e n tly  d e te rm in e  th e  amount o f  r e g e n e r a t iv e  c a p a c i ty  d i s ­
p la y e d  by  v a r io u s  a c a r in e  g ro u p s . In  w orking w ith  b o h a r t i ,
W oodring (19 6 9 ) n o te d  t h a t  i t  was n o t im p o ss ib le  t h a t  th e s e  m ite s  
have a c o n s ta n t  c e l l  number a f t e r  th e  l a r v a l  i n s t a r  b e ca u se  no 
m ito s e s  w ere o b se rv ed  d u r in g  e lo n g a t io n  o f  th e  new le g .  Boudreaux 
(1971 , p e r s o n a l  com m unication) s t a t e d  t h a t  he n ev e r o b se rv ed  p o s t l a r v a l  
m ito s e s  in  s e c t io n s  o f  s p id e r  m i te s .  The o n ly  a c a r in e s  in  w hich p o s t -  
l a r v a l  m ito se s  have been  o b serv ed  a re  th e  t i c k s .  B alashov  (1969 ) 
s tu d ie d  th e  m o u ltin g  p ro c e s s e s  o f  th e  t i c k ,  Hyalomma a s ia t ic u m , 
and n o te d  t h a t  in te n s iv e  m ito s is  o c c u rre d  d u rin g  th e  f i r s t  p e r io d  
o f  m o u lt in g , b u t i t  was n o t c l e a r  what he m eant by th e  f i r s t  p e r io d  
o f  m o u ltin g . I  s e c t io n e d  Amblyomma americanum  la r v a e  and found
i n t e n s iv e  m ito se s  in  th e  ep id erm is  and lim b t i s s u e  o n ly  d u rin g  
c e r t a i n  s ta g e s  o f  th e  t i c k ' s  developm ent. F u r th e r  work in  com para­
t i v e  a c a r in e  h is to lo g y  sh o u ld  he u n d e rta k e n  to  d e te rm in e  th e  e x te n t  
and o c c u rre n c e  o f  m i to s is  in  a l l  o f  th e  m ajo r groups o f  a c a r in e s .
The e c o lo g ic a l  h a b i t a t  o f  th e  p a r t i c u l a r  a c a r in e  in v o lv e d  m ight 
a c t  a s  a  s e l e c t i v e  ag en t in  d e te rm in in g  th e  r e g e n e ra t io n  p o t e n t i a l .  
The two a c a r in e  s p e c ie s  in v o lv e d  in  t h i s  s tu d y  w hich d is p la y e d  th e  
g r e a t e s t  a b i l i t y  t o  re g e n e ra te  appendages a re  p a r a s i t i c  on an im al 
h o s t s .  I t  may be th o u g h t t h a t  a b i l i t y  to  r e g e n e ra te  appendages 
would be a  d e s i r a b le  . a t t r i b u t e  in  p a r a s i t i c  a r th ro p o d s  w hich a re  
s u b je c t  t o  th e  h o s t 's  s c r a tc h in g  and l i c k in g  movements. However, 
f r e e  l i v i n g  m ite s  a r e  a l l  s u b je c t  to  p re d a t io n  and r i s k  lim b l o s s ,  
b u t none showed a p p re c ia b le  lim b r e g e n e r a t io n .
I t  i s  o f  i n t e r e s t  to  n o te  t h a t  in  a l l  b u t two o f  th e  am puta ted  
u ro p o d id s  t h a t  d is p la y e d  some r e g e n e r a t io n ,  th e  am p u ta tio n s  w ere 
p erfo rm ed  im m ed ia te ly  a f t e r  rem oval o f  th e  specim ens from  th e  e a r th ­
worm c u l tu r in g  s o i l .  The m a jo r i ty  o f  th e  am putated  specim ens 
r e a re d  in  th e  la b o r a to r y  and fe d  on a  d i e t  o f  y e a s t  f o r  s e v e r a l  
weeks d id  n o t d is p la y  any r e g e n e r a t io n .  I  t h e r e f o r e  c o l le c te d  
and p erfo rm ed  a d d i t io n a l  am p u ta tio n s  on specim ens ta k e n  d i r e c t l y  
from  th e  earthw orm  c u l tu r in g  s o i l .  A gain , a  l im i te d  b u t p o s i t iv e  
amount o f  r e g e n e r a t io n  r e s u l t e d .  The specim ens o f  F . a g i ta n s  in  
c u l tu r e  d id  n o t ap p ea r to  be under any s t r e s s  and th e  re p ro d u c tio n  
r a t e  ap p ea red  n o rm a l, b u t I  m igh t v e n tu re  t o  s p e c u la te  t h a t  th e  m ite s  
m a in ta in e d  in  c u l tu r e  v i a l s  a re  u n d e r some ty p e  o f  en v iro n m en ta l 
s t r e s s  w h ich  i n h i b i t s  r e g e n e r a t iv e  p o t e n t i a l .  F u r th e r  work needs 
t o  be  done in  t h i s  a r e a .
LITERATURE CITED
B alash o v , Y. S. 1963. A n a to m o -h is o tlo g ic a l  p e c u l ia r i t ie s  o f  m o u ltin g  
o f  th e  t i c k  Hyalomma a s ia t ic u m  (A c a r in a : Ix o d o id e a ) . Z o o l. Ahur.
1*2 : 31*5 - 3 5 7 .
B o d en s te in , D. 1933. T r a n s p la n ta t io n  and r e g e n e ra t io n  o f  l e g s ,  
c a t e r p i l l a r s .  A rch. E ntw ick lungsm ech . O rg a n ., 130: 71*7-770.
B o d en s te in , D. 1955* C o n tr ib u t io n s  t o  th e  p rob lem  o f  r e g e n e ra t io n  
. in  i n s e c t s .  J .  E x p t l .  Z o o l. '129: 209-22U.
B onnet, P . 1930. La mue, l 'a u t o to m ie  e t  l a  r e g e n e ra t io n s  chez le s  
A ra ig n e e s , avec une e tu d e  des Dolomemes d*Europe. B u ll .  so c . 
h i s t .  n a t .  T oulouse 59: 237-700 .
B o ttg e r ,  K. 1965- Zur O ko log ie  und F o r tp f la n z u n g s b io lo g ie  von 
A rren u ru s  v a ld iv ie n s i s  K. 0 . V ets 1961* (H y d ra c h n e lla e , A c a r i ) .
Z. Morph. O kol. T ie re  55: 1 1 5 - ll* l.
G oss, R. J .  1969 . P r in c ip le s  o f  R e g e n e ra t io n . Academic P r e s s ,  New 
York.
G regson, J .  D. 1966 . T ic k s , I n :  I n s e c t  C o lo n iz a tio n  and Mass
P ro d u c tio n  (E d ito r :  C. N. S m ith ) . Academic P r e s s ,  N.Y.
Hughes, T. E. 196U. N e u ro s e c re t io n ,  e c d y s is ,  and hypopus fo rm a tio n  
in  th e  A c a r id e i .  A c a ro lo g ia  V I: 338-31*2.
J o n e s , B. M. 1950. A carin e  Growth: A new e c d y s ia l  m echanism.
N a tu re , Lond. 1 6 6 : 908-909-
K a is e r ,  M. N. 1966 . The subgenus P e r s ic a r g a s  ( ix o d o id e a ,
A rg a s id a e , A rg a s ) . 3. The l i f e  c y c le  o f  A^ (P . ) a rb o re u s , and
a s ta n d a rd iz e d  r e a r in g  m ethod f o r  a r g a s id  t i c k s .  Ann. e n t . Soc. 
Am. 59 (3 ) : 1*96-502.
Kanungo, K. 1969 . A ca rin e  m o ltin g  -  The m ig ra tio n  o f  hem ocytes 
th ro u g h  th e  e p id e rm is  o f  C alo g ly p h u s b e r l e s e i . Ann. e n t .  Soc.
Am. 62: 155-157-
Kanungo, K. and N aegele J .  196U. The haem ocytes o f  th e  a c a r id  
m ite  C aloglyphus b e r l e s e i  (M ich. 1 9 0 3 ). J .  I n s e c t  P h y s io l .
19: 651-655.
55
56
Nuesch., H. 1968 . The r o l e  o f  th e  nervous sy stem  in  in s e c t
m orphogenesis and r e g e n e r a t io n .  Ann. Rev. E n t. 13: 2'J-kk.
P e n z l in ,  H. 1963. liber, d ie  R egenera tion , b e i  Schaben ( B l a t t a r i a ) .
I .  Das R egenera tionsverm ogen  und d ie  Genese d e s  R e g e n e ra ts .
A rch. Entw icklungsm ech. O rgan. 15^: l+3^-^65.
R o d rig u ez , J .  G ., Wade, C. E. and. W il ls ,  C. N. 1962. Nematodes 
as  a  n a tu r a l  food  f o r  M acrocheles m uscaedom eSticae (A c a rin a : 
M ac ro c h e lid ae ) ,  a  p r e d a to r  o f  th e  house f l y  eg g . Ann. e n t .
Soc. Am. 55 (5 ) :5 0 7 -5 1 1 .
R o sin , R. and S hu lov , A. 1963 . S tu d ie s  on th e  s c o rp io n  Nebo 
h ie r o c h o n t ic u s . P ro c . Z oo l. Soc. Land. lUO: 5^7-575*
S avory , T. 196k.  A ra ch n id a . Academic P r e s s ,  Nev York.
Vachon, M. 1957- La r e g e n e ra t io n  a p p e n d ic u la ire  chez l e s
sco rp io n s  (A ra c h n id e s ) . C. R. Acad. S c i ; P a r i s .  2556-2559*
Wood, F . D. 1926. Autotomy in  A rachn ida. J .  M orphol. k2: 11*3-195*
Wood, F . D ., and Wood, H. E. 1932. Autotomy in  decapod C ru s ta c e a .
J .  E x p tl .  Z ool. 62: 1-55*
W oodring, J .  P . 196 9 . P re lim in a ry  o b s e rv a tio n s  on m o u ltin g  and 
lim b r e g e n e ra t io n  in  th e  m ite  C aloglyphus b o h a r t i . J .  I n s e c t  
P h y s io l .  15: 1719-1728.
W oodring, J .  P . 1970. C om parative m orphology, h o m o lo g ie s , 
and fu n c t io n s  o f  th e  m ale system  in  o r i b a t i d  m ite s  (A rach n id a : 
A c a r i ) .  J .  M orphol. 132: 1*25-1*51*
VITA
C a r lto n  Lee R o ck e tt was t o r n  June 29 , 19^1 in  H ouston , T e x a s . ' 
He a t te n d e d  v a r io u s  e lem en ta ry  s c h o o ls  and g ra d u a te d  from  L e e s v i l le  
High S c h o o l, L e e s v i l l e ,  L o u is ia n a  in  1959* He re c e iv e d  th e  
B ach e lo r o f  S c ien ce  and M aste r o f  S c ien ce  D egrees from  L o u is ia n a  
S ta te  U n iv e r s i ty  in  J u n e , 1963 and A ugust 1965- At th e  p r e s e n t ,  
he i s  a c a n d id a te  f o r  th e  D octo r o f  P h ilo so p h y  D egree.
57
